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FOREWORD 

This document constitutes a portion of the final r epor t  (SID 65-500) fo r  
Addendum 1 of Contract NAS9-3140, Extended Apollo Systems Utilization 
Study, dated 6 July 1964, prepared by the Space and Information Systems 
Division of North American Aviation, Inc. The analyses  descr ibed herein 
and i n  the volumes l is ted below w e r e  conducted under the direction of the 
National Aeronautics and Space Administration's Manned Spacecraft  Center 
as an addendum to the basic  contract which included the Apollo X Study 
(SID 64-1860) and the Prolonged Missions Study ( r e su l t s  to be published 
later). 
follows: 

This final repor t  has  been prepared  in a s e r i e s  of five volumes a s  

1. Summary 

2. Experiment Analysis and Requirements 

Part I: NASA Flights 
P a r t  11: Air F o r c e  Flights 
Appendix A.  NASA Experiments 
Appendix B. A i r  Force  Experiments  
Appendix C. Mission Scheduling Computer Printout for  NASA 

Flights 

3 .  Configuration Analysis and Experiment Accommodation 

Appendix A. Engineering Drawings 
Appendix B. Air F o r c e  Missions 

4. Subsystems Analysis 

5. Development Planning 
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48 S T  RACT 

This repor t  defines the design cha rac t e r i s t i c s  of four potential extended mis-  
sion Apollo spacecraf t  designed to specific NASA miss ion  and configuration 
requirements .  
low inclination, po lar ,  and synchronous orbi ts  and compr ise  a total of 15 NASA 
missions.  

All configurations a re  for  Ear th-orb i ta l  missions,  which include 

The four configurations studied present  var ious degrees  of modification to  
Configuration 1 is employed for 14-day miss ions  and the Apollo Block 11 CSM. 

requi res  minimum modification. It may be used  with ei ther  a n  experiments  rack 
3r pal le t  o r  both. 
utilized with a n  experiments  r ack  for durations of up to 45 days. Configuration 1 
is essent ia l ly  a Block I1 CSM, with subsystems fo r  life extension installed in the 
experiments  rack. 

Block I1 CSM as a baseline,  s imilar  to  Configuration D. 
ments ,  however, dictate the prototype modification of c r i t i ca l  subsystems i n  
Configuration D' in o rde r  to meet  the 30-day mis s ion  requirement.  

Configuration C is identical  to the Apollo X CSM and is 

Additionally, an experiments  pallet  may be installed i n  the 
C = p i i g u r ~ t i o ; l  5 CS,h,l. Cor,figuration E '  13 fo r  3 0 - d a j i  iliissiurls arid tile 

Ea r ly  schedule requi re -  

The capability of each configuration was measu red  against  the requirements  
Additionally, the Air F o r c e  dictated by 15 NASA-derived experimental packages. 

M O L  experiments  were  examined and optimally grouped i n  a minimum number of 
f l ights.  
capabili t ies of the applicable configurations with cer ta in  revisions to experiment  
operation a n d / o r  miss ion  duration to meet  launch vehicle payload l imits .  
A i r  Fo rce  experiments  could be accommodated in  five fliphts. 

It was found that all NASA missions could be accommodated within the 

All 
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PREFACE 

Over the past  two years ,  a number of investigations have been p e r -  
formed to  determine the character is t ics  of modifications required t o  extend 
the orbi ta l  duration of the Apollo spacecraf t  fo r  a l ternate  mission appl ica-  
tions. Initial studies examined system charac te r i s t ics  f o r  application as a 
120-day Earth-orbi ta l  laboratory vehicle. 
it was necessa ry  that advanced subsystem concepts be employed in s e v e r a l  
c a s e s  t o  remain  within the payload capabilities of the Saturn IB launchvehicle.  
Subsequent studies determined the charac te r i s t ics  of the Apollo CSM assuming 
restr ic t ion to use  of only cu r ren t  Apollo subsys tems concepts. 
. res t r ic t ion,  it was  found that the  Earth-orbi ta l  durat ion capabili ty of the CSM 
was limited to  approxim'ately 90 days because of Saturn IB payload l imits.  

Because of th i s  extended durat ion,  

Under th i s  

The recent ly  concluded Apollo X study examined in  depth the CSM 
charac te r i s t ics  and modifications required t o  per form NASA n e a r - t e r m  m i s -  
s ions of interest .  These missions included both extended Ear th-orb i ta l  and 
lunar  -orbital  mi s s ion  durations of 45 and 34 days,  respectively.  Concurrent  
with the Apollo X study, s epa ra t e  cont rac tors  were  examining the c h a r a c t e r -  
ist ics.05 ( 1 )  the LEM ascent  stage modified fo r  u s e  a s  an  experiment  module, 
and ( 2 )  an  experimental  laboratory module of new design. 

Since the conclusion of the Apollo X study, s e v e r a l  configuration innova- 
t ions have been conceived by NASA which could warran t  inclusion in the Apollo 
Extension Systems (AES) program. Two of t hese  innovations take the  fo rm of 
experimental  modular  appendages and a r e  identified as a "rack" and a "pallet"; 
the r a c k  could be used  in place of the modified LEM o r  a new labora tory  
module, and the pallet could be installed in the empty bay (Sector I )  of the 
se rv ice  module. 
capabili ty of the Block I1 Apollo could be increased  through the addition of 
experiments  as well as subsystems required for  mis s ion  life extension beyond 
14 days. 
( 1) the comparative operational effectiveness of the var ious  experimental  
appendages, and ( 2 )  the possible methods for  extending the orbital  durat ion 
capability of the CSM. The method selected to achieve orbital-l ife extension 
could actually resul t  in varying degrees of CSM changes-depending upon the 
subsystem extension philosophy implemented. 

Using these  modular appendages, the al ternate  mis s ion  

It became apparent  that fur ther  studies were  warranted relative t o  

A matr ix  of configurational approaches could readi ly  be defined as only 
partially indicated in the accompanying chart ,  AES Concepts (F igu re  l ) ,  with 
corresponding var ia t ions in  costs ,  schedules,  and operational capabilities. 
Therefore ,  in  o r d e r  to evaluate the character is t ics  and capabilities of each of the 

-L - v -  
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Figure 1. AES Concepts 

possible combinations, paral le l  AES studies .were initiated by NASA. 
was responsible f o r  evaluating the character is t ics  of the CSM, rack, 

S &ID 
and 

pallet; Grumman and Boeing conducted separate  studies of the LEM experi-  
mental  module and new laboratory module design, respectively. The resu l t s  
of the three  contractor studies were to  be in a form such that the design 
and development charac te r i s t ics  of all possible system elements  could be 
assembled by NASA into complete configurations and development programs 
of the i r  own choosing. 

The S&ID study was concerned with the examination of s eve ra l  basic  con- 
figuration approaches,  each of which represents  varying degrees  of Block I1 
CSM modification, experimental  capability, operational complexity, and pro-  
gram costs.  

CONFIGURATION 1 

These configuration approaches a r e  defined a s  follows: 

By NASA definition, Configuration 1 i s  essentially the Block II 
CSM-without major  changes, but with the addition of an experimental  pallet 
( in SMSector 1 )  and/or  an experimental  appendage ( r ack  o r  laboratorymodule)  
docked to the CM during orbital  operations. 
14days o r  l e s s  since changes to  the CSM subsystems a r e  precluded. 
support f o r  the experiments -except fo r  those i n  the pallet - i s  provided by the CSM. 

CONFIGURATION C 

Orbital life is necessar i ly  l imitedto 
Subsystems 

Configuration C i s  identical to the CSM approach derived in ea r l i e r  
-4pollo X studies where mission life extension to  45 days was achieved through 
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the addition ( in  the  CSM) of expendables, s p a r e s ,  and redundancies of Apollo 
Block I1 subsystems. 
subsystems in th i s  approach, the pallet does not apply here .  However, the 
rack  o r  either of the laboratory modules would be included. 
Configuration 1 ,  support of the experiments housed in the rack o r  laboratory 
module is provided by the subsystems located in the CSM. 

Since the service module Sector 1 i s  occupied by 

As in 

CONFIGURATION D 

Configuration D was t o  be based upon use  of the Block I1 CSM with 
minimum modifications, in  combination with a n  experiments/subsystems rack 
or laboratory module and with a pallet if required.  
provided by the CSM subsystems during the first 14 days (approximately) of 
orbi ta l  operation, a f te r  which subsystems life extension provisions installed 
on the  (experimental  appendages) would provide support  both t o  the CSM and 
the  experiments fo r  the remainder of the 45-day orbi ta l  duration. By defini- 
t ion the  subsystems installed nn or in the experimental  appendage were  t o  be 
of the type defined under the pr ior  Apollo X study; these  included, fo r  example, 
extended life fuel ce l l s  with in-space start, new cryogenic tankage, etc. 
During the ear ly  phases  of the study, the Configuration D approach was modi- 
f ied through mutual agreement by NASA and S&ID at a s e r i e s  of weekly 
interface meetings. 
-of necessity-formulated which yielded a configuration that does not abso- 
lutely adhere t o  the requirement that the Block I1 CSM remain unchanged. 
More explicitly, revised Configuration D ground ru les  resulted in the instal-  
lation of only the power system life-extension capability on the external  
device. 

Experiment support is 

As a resul t ,  additional Configuration D ground rules  were 

CONFIGURATION D’ 

Additionally, a requirement f o r  one e a r l y  30-day mission (Flight 2 1 l),  
dictated the establishment of a unique approach-which was identified as 
Configuration D‘ by S&ID. This configuration is similar t o  Configuration D 
with respect  t o  subsystem location and general  arrangement .  However, i n  
Configuration D’ the mission life-extension is provided by the use  of only 
Block I1 subsystems that a r e  “stretched” through prototype modifications to  
accomplish the required 30-day mission. The cryogenic s torage system 
included on the rack,  for  example, is comprised of multiples of Block 11 
cryogenic tanks ra ther  than of the new and l a r g e r  tanks defined in the Apollo X 
study. 

A summary  of character is t ics  of the four  configurations of in te res t  is 
presented in Table 1. 
ground rules  f o r  each configuration may be found in appropriate volumes of 
this  report .  

A detailed definition of the vehicle and subsystems 

- vii  - GwmnmL 
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ConfigurationC 
(45 Days) 

Block IIA 
Apollo X 
1 day 

Table 1. Configuration Charac te r i s t ics  

~- 

Configuration D 
(45 Days) 

Block IIA 
Apollo X 
1 day 

Coin in and 
Module 

Service 
Module 

Rack 
(external 
device) 

Structure 
S ubsys terns 
LiOH and crew systems 
Umbilical to rack 

Structure 
Cryogenics 
Fuel cells 
RCS 
SQS tankage 
Sector I 

Cryogenics 
Fuel cells 
LiOH and crew systems 

Zonfigura tion 1 
(14 Days) 

Block I1 
Block I1 
1 day 

Block I1 
Block I1 
Block I1 
Block I1 
Block I1 
Empty or 

pal le t  

None 
None 
13 days 

Configuration D’ 
(30 Days) 

Block I1 
Block I1 modified 
1 day 

Block I1 
Block I1 
Block I1 
Block I1 
Block I1 
LMS installation 

Block I1 
Block I1 modified 
29 days 

Block IIA 
Apollo X 
1000 hours 
As needed 
As needed 
EPS installation 

~ 

Block II modified 
Block II 
Block I1 
As needed 
Block II 
Empty or pallet 

Apollo X 
1000 hours 

44 days 44 days 

The  design approach for  each configuration was based upon consi,deration 
of the application of a standard vehicle capable of performing the defined NASA 
missions and A i r  F o r c e  experiments.  Additionally, CSM/external appendage 
interfaces  were mutually defined among NASA, S&ID, Boeing, and Grumman 
such that the CSM for  each appropriate configuration could be used alternately 
with either the rack,  pallet, LEM laboratory o r  separa te  laboratory module 
without change. S&ID studies of the rack were  a l so  oriented toward providing 
a common rack  design for  all configurations and miss ions  which would be 
capable of containing experiments,  or  experiments and subsystems a s  
required.  

The p r imary  objective of the study was to  define the character is t ics  and 
1 ..... capabilities of various CSivil racklpal le t  coilibiiiatioiis as applizd ts experi  ~ 

mental flight package and mission constraints defined by NASA. 
grouping of each of 15 experimental flight packages was the  responsibility of 
IBM under the direction of NASA. Consequently, S&ID’s role in the NASA 
experiments a r e a  was limited to  defining the configuration and subsystems 
requirements  demanded by each of these experimental  flight groupings as  a 
basis  fo r  the experiment integration task. 
ified experiments were 
however, the optimal grouping of these experiments-in o rde r  to minimize 
the number of flights required-was accomplished by S&ID. 

The actual 

The Air F o r c e  individually spec-  
integrated into s imi la r ,  but separa te ,  vehicles; 
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In o rde r  t o  a s s e s s  the cost  and schedule ramifications attendant upon 
each of the mat r ix  considerations,  development planning studies were pe r  - 
formed based upon the NASA defined launch schedule (AE 65- l ) ,  which entails  
a total  of 2 8  manned AES flights through the f irst  qua r t e r  of 1972. 

- ix - - 
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INTRODUCTION 

This volume presents  a summary of a l l  investigations conducted under 
the Apollo Extension Systems (AES) study. Fo r  convenience, the document 
has been divided into the major  areas of study effort:  ( 1 )  Experimental  
Analysis and Requirements,  ( 2)  Configurations and Experiments  Accommoda- 
tion, ( 3 )  Subsystems Analysis, and (4) Development Planning. 
investigations revolved about the development and integration of specified 
Air F o r c e  MOL experiments ,  some of which c a r r y  a SECRET-LIMITED 
ACCESS classification. 
all information pertaining to the AF experiments  analysis  has been deleted 
and included i n  separate  volumes. 
technical a r e a s  covered by this study, the reader shorrld re fer  to other 
volumes a s  listed in the Foreword. 

A number of 

In o rde r  to permi t  wide distribution of this report ,  0 
For more  detail regarding any of the 

The overall  study was pr imari ly  concerned with the integration of 
NASA-defined experimental  packages into severa l  postulated vehicle and 
subsystem configuration approaches,  a l so  defined by NASA. Consequently, 
the majori ty  of the investigations were not conducted in a "normal" fashion 
where subsystem component selection, location, and optimal experimental  
groupings could be established based upon study-developed cr i te r ia .  As a 
resu l t ,  the major  emphasis  was placed upon examining the operational and 
technical ramifications attendant with previously established definitions. 

Full  application was made of data developed under the recently completed 
Apollo X study (NAS9-3140) which was s imilar ly  concerned with maximum 
Ear th  orbital  miss ion  durations of 45 days. 

The development planning studies were  a l so  based upon a requirement  
to support  a launch schedule (AE 65-1) established by NASA. 
therefore ,  ma jo r  emphasis  was directed toward examining associated 
manufacturing buildup, checkout schedules, cos ts ,  etc.  , required to meet  
this schedule ra ther  than attempting to define, for  example,  the ear l ies t  flight 
date possible o r  to evaluate schedule variations.  

In this a r ea ,  

- - 1 -  
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EXPERIMENTAL ANALYSIS AND REQUIREMENTS 

This phase of the study was directed toward the attainment of three 
objectives:  
with Apollo Extension System (AES) miss ion  and performance pa rame te r s ,  
examine the feasibility of accommodating these  experiments  in  specified AES 
configurations, and conduct a prel iminary integration analysis  of as signed 
groupings of experiments  on given flight missions.  

demonstrate  the operational compatibility of specified experiments 

The  scientific o r  operational objectives, individual experiment designs,  
bas ic  experiment  groupings, and the assignment  of t hese  groups to  flight 
miss ions  w e r e  in  accordance with NASA specifications cited for  the s e r i e s  of 
15 AES Ear th-orb i ta l  flights considered. Design var ia t ions and engineering 
assumptions were  allowed-within the overal l  constraint  that there  would be 
no deviation f rom NASA- specified experimental  objectives.  
of relatively minor  additions to NASA-specified designs,  this study has  not 
included any experimental  design effort. 
to  the pre l iminary  design level as necessa ry  t o  confirm packaging and pe r -  
formance feasibility, using specified equipment data whenever possible. 
Standardization and minimum modification were  sought throughout the study. 
The study was conducted under the following broad ground rules:  

0 

With the exception 

Physical  accommodation was defined 

0 A l l  flights a r e  assumed to have three  crewmen available, with 
commensurate  experimental  volume in  the command module 

0 All  flight groupings include the biomedical, behavioral, and 
radiation-monitoring experiments specified by NASA 

0 The experimental  accommodation sequence for each flight is: 

1. Conduct a l l  experiments in  the command module, i f  possible 

2 .  If this  is not possible. at tempt to accommodate the full  program 
by adding an experimental  pallet to Sector 1 of the serv ice  
module 

3 .  If even this additional a r e a  does not suffice, substitute the 
experimental  rack f o r  the pallet and again attempt integration 

4. If s t i l l  not feasible, use both pallet and rack  

- 3 -  4MMmmm. 
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F o r  cer ta in  cases ,  the reduction of experiment frequency o r  flight 
duration i s  permitted a s  long a s  maximum accomplishment of flight objectives 
i s  retained-e. g. , where weight i s  a limiting fac tor ,  where other  system l imits  
suborn experimentation, where any other factor preclude experiment sched- 
uling. 
c onside red. 

Experiments a r e  eliminated only after l e s s  dras t ic  alternatives a r e  

By agreement  with NASA, S&ID conducted a prel iminary integration of 
11  of the 15 AES flight missions.  
only to  establish prel iminary accommodation and provide interfaces between 
r ende zvou s flights . 

The other four missions were  examined 

A different approach was necessary in  the integration analysis  of the 0 A i r  F o r c e  experiments.  These experiments were  unspecified as t o  mission 
Insofar as  Air F o r c e  experiments were  con- grouping o r  flight assignment. 

cerned, the study objective was to  integrate the en t i re  program in  a minimum 
number of launches, with maximum mission accomplishment. A more 
specific discussion of the approach to  integrating Air F o r c e  experiments in 
AES vehicles will be found in the classified supplement to Volume I1 ( P a r t  11). 
Results of the analysis a r e  included. 

SPECIAL NOTE: Due to  a change in the experiment numbering system 
which occurred midway i n  this  study, instances of 
incor rec t  numbering may be encountered. However, 
every effort has been made to  employ new NASA 
num be r s . 

- 4 -  m 
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APPROACH 

The overall  experiment integration study logic is shown in Figure 1 .  

Because the degree of definition of individual experiments var ied  
The specified experiments were  received in a standard NASA descriptive 
format .  
considerably, it became necessary to  reduce a l l  experiments to  data formats  
amenable t o  both technical analysis and computer scheduling. The Cri t ical  
Interfaces Standard Forma t  was utilized a s  the uniform tabulation from which 
equipment requirements  and individual subsystem s ope rating profiles were  
derived. Concurrent technical analyses of data management, controls, d i s  - 
plays, and crew operations contributed to  the  derivation of system design 
fac tors  which were applied in the computer scheduling analysis. 

0 

The product of the study can be called ( a s  noted in  F igure  2 )  "determi- 
nation of mission feasibility. '' The value of such a product is based on the 
level of confidence with which integration can  be claimed as feasible, and 
therefore  on the depth of analysis t o  which available information has been 
subjected. 

INDIVIDUAL 
OPERATION 

PROFILES 

CRITICAL 

+ TECHNICAL INTERFACES 
ANALYSIS * STANDARD 

FORMAT 

4 
FLIGHT 

MISSION 

t 

U SAF 
EXPERIMENTS 

MISSION/ 
OPERATIONS/ 

SYSTEM SPACECRAFl 
MANAGEMENT 

ANALYSIS DESIGN b FACTORS 

CONTROLS 
A N D  DISPLAYS 

ANALYSIS 

2 

MISSION 

PROFILES 
OPERATIONS 4 

COMPUTER 

ANALYSIS 
* SCHEDULE 

- DETERMINATION 
OF MISSION 
FEASIBILITY . - 

PRELIMINARY * INTEGRATED 
DESIGN t 

Figure  2. Experiment Integration Logic 
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The NASA experiments portion of the study might have included a 
detailed analysis of the relative capability of var ious study configurations t o  
accomplish a proportion of the assigned mission. However, because the 
defined missions tended not to challenge total experimental  capacities, r e l a -  
t ive effectiveness in a purely experimental sense turned out t o  be ei ther  
difficult to measure  o r  not applicable. 
configurations, therefore ,  is generally limited to  system and weight 
comparisons.  

Data to  support choices between study 

- 6 -  
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STANDARD EXPERIMENT FORMATS 

Before the Apollo Extension Systems (AES) experimental  flights actually 

Existing spacerated equipment will be improved and new- equipment 
Manned and unmanned orbi ta l  flight programs will precede 

occur,  many changes in currently defined experiment pa rame te r s  may be 
expected. 
will be developed. 
extended Apollo studies and will affect the basic  requirement for  scientific 
observation. 
scrutiny and continuous redefinition. Under these  conditions, the value of 
cur ren t  experiment design va r i e s  not only with the  representat iveness  of 
operational demands, but a l so  with the consistency of experiment data applied 
among var ious comparison studies. To achieve this consistency and r ep re -  
s e n t a t i v e x s s ,  a standardized tabulation of cr i t ical  interface data-based on 
formats  originally furnished by NASA-has been used during this  study. 
completed formats ,  in most  ca ses  incorporating engineering assumptions 
necessary  to  achieve completeness, a r e  contained in  Appendixes A and B of 
Volume 11. Data presented in  these formats  formed the basis  fo r  a l l  space- 
c raft int eg ration analysis. 

The experiments themselves will be  subject to  increasing 

The 

SUMMARY OF EXPERIMENTAL REQUIREMENTS 

Although the experimental requirements contained in standard NASA 
descr ipt ive formats  tend to  be  limited in  definition, they constitute a prel imi-  
nary  data base.  
sufficiently detailed mission definition to  allow prel iminary integration analysis 
t o  be undertaken. 

At the current  stage of system development, such data offer 

Table 2 presents  the original bas ic  requirements  extracted from 
experiment definitions; these  requirements a r e  summed for  each flight mission. 
The p r i m a r y  source  is either the individual NASA descriptive format  o r  the 
A i r  Force MOL experiment definition. Where cr i t ical  data were  missing, 
es t imates  were  made. Also, in those cases  where data were obviously in 
e r r o r ,  correct ions were  made. Figures  in parentheses,  used fo r  those cases  
not integrated by S&ID, indicate that a t  least  a portion of the content may be 
inaccurate.  Weights, volumes and power requirements  pertain to  equipment 
operation only and do not include concurrent demands chargeable to  the 
experiments.  
cited in various sections of the report  a r e  compared. 
based on limited c rew task  analyses applied to  available experiment pro-  
cedures .  Attitude hold est imates  a r e  gross  and, because frequencies and 
operating intervals a r e  not given, can be used only to  compare the scope of 
the requirement between missions.  Data re turn  weights and volumes a r e  
based solely on experiment format es t imates .  

e 
This fact should be retained when weight or  power est imates  

Astronaut t imes  a r e  - - 7 -  
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Lack of adequate t ime has prevented a final editing which would ensure  
a proper  footnoting of numbers that changed a s  the study progressed.  
of the report  in detail may uncover examples of different numbers  for  the 
same i t ems  in different places,  
ar i thmetic  e r r o r .  In most  such cases ,  however, the accuracy of the number 
is a function of the stage to  which analysis has progressed.  
numbers which appear "deeper" in the document a r e  likely to  be m o r e  accurate .  

Review 

In some cases ,  this may be attributable to 

In other  words, 

COMPOSITE EQUIPMENT LIST 

To achieve dimension uniformity f o r  equipment used in var ious 
experiments  and flight missions,  a prel iminary composite equipment list was 
prepared  and used as the standard t o  determine experiment equipment weight 
and volume. 
conducted fo r  the AES series of experimental missions.  Pending such analy- 
sis, the composite list-presented in Section 2, Volume 2 -will improve the 
degree of standardization; however, it  is not t o  be considered a s  complete o r  
definitive. 

A detailed, common-use equipment analysis has  not yet been 

The next phase of integration will require  fur ther  development and 
verification of the composite equipment data applied in this limited study. 
Air F o r c e  equipment specifications, a s  stated in Air F o r c e  experimentformats ,  
were used verbatim. 

- 8 -  
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SYSTEM OPERATING PROFILES 

The f i r s t  s tep in reducing experiment definitions to actual spacecraft  
operating requirements i s  the specification of t ime-sequenced operating pro-  
f i les  for  each cr i t ical  subsystem. 
of the cur ren t  study, the effects of interaction between subsystems themselves 
could be considered only in the more  obvious cases .  
will require  complete analysis  of such interactions.  
profiles for  each experiment a r e  included, when pertinent, in each flight 
mission section of Volume 2. 

During the prel iminary integration phase 

Advanced integration 
The system operating 

Because of the extremely compressed study schedules, the conversion 
of individual subsystem profiles to a total  mission profile was often handled 
by assuming an average level of sabsystem operation, rzther than use of a 
detailed profile. 
integration analysis,  it is a l so  believed to  have resul ted in generally conserv-  
ative estimates.  
power subsystem profile of Flight 215. 
puter scheduling program, using detailed task power profiles on the second 
run. When so scheduled, a significant decrease  i n  estimated power demand 
resulted.  It is possible that advanced integration studies,  undertaken with 
bet ter  experiment definition and incorporating more  sophisticated subsystem 
interactions and detailed profiles, will continue to  reflect general  decreases  
i n  experimental demands. 

Although this  made it possible to expedite completion of the 

This problem is  strikingly i l lustrated by the case  of the 
This mission was r e - run  in the com- 

An example of the complexity of relationships is  afforded by the inclu- 
sion of G&N system power demand in a detailed task profile. If more  than 
one task  should be scheduled by the computer to occur  simultaneously, only 
the G&N power increment for one of the tasks  should properly be included. 
This,  in  turn,  m a y  affect the scheduling, and so on. 
necessa ry  a t  this  phase of integration methodology to provide manual con- 
vers ion  to  mission profiles with resultant inaccuracies  a s  well a s  higher cos ts  
of operation. 
section, will provide m o r e  sophistication and may  achieve the degree of 
advanced integration necessary  for determination of system experimental 
efficiency. 
t o  the third level, prel iminary integration analysis,  on the scale of integra-  
tion phases  shown in Table 3.  

Practically,  it  was 

The next phase of computer development, discussed in the next 

It will be noted that the cur ren t  study is  considered to be limited 

0 

- 11 - 4mlmmwa 
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N O R T H  A M E R I C A N  A V I A T I O N .  I N C .  SPACE and INFORMATION S Y S T E M S  DIVISION 

CON- 

Table 3 .  Experiment/Spacecraft  Integration Phases  

Phase  

I. P re l imina ry  
accommodation 
analysis  

II. Advanced 
accommodation 
analysis  

II. P re l imina ry  
integration 
analysis  

V. Advanced 
integration 
ana lys i s  

Provides 

P a r a m e t r i c  feasibility 

Operating feasibility within 
sys tem segments pa ram et r ic  
sys tem capacit ies 

Operating efficiency within total  
sys tem under paramet r ic  
miss ion  cond 

Gross  scheduling of experiment 
increments  within overa l l  
sys tem constraints 

Operating effectiveness of total  
system experiment complex 

Detailed scheduling of system 
int e r a ct ions and expe r im e nt 
interfaces  

Maximum use  of total  system 
capacity for  each experiment 
increment  

Hardware specs for  each 
experiment  flight increment  

Flight mission operations plans 

V. Expe r im ent / 
syetem 
integrat ion 

- 12 - 

Useful F o r  

Conceptual 
p la nni n g 

P re l imina ry  
configuration 
selection and design 

General  system and 
miss ion  planning 

Com pa ri s ons be twee I 
sys tems 

Flight and productior 
schedule 
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TIME -SEQUENCED EXPERIMENT SCHEDULES 

As mentioned previously, considerable difficulty was encountered in 
converting each subsystem's  experiment operating profiles to  a mission pro-  
fi le which accurately reflected task requirements  on a t ime-sequenced basis.  
Although the logic fo r  mission integration of task profiles is c lear ,  the number 
of integrations required a t  each scheduled t ime  interval suggests that the 
problem cannot be handled without a computer program. 

Such a program was used in this  study to  ensure  the feasibil i ty of sched- 
uling each flight mission. 
c rew time, and it automatically schedules a l l  activit ies to use subsystem 
capacities within imposed restraints.  

The program provides for  reasonable allocation of 0 

Application of the scheduling program in this study demonstrated the 
feasibility of scheduling experimental missions for  each flight and experiment 
group under consideration. 
conflicts a re  descr ibed when they occur in each flight mission section of 
Volume 2. 
appears  in Appendix C, Volume 2 together with a tabulation of rejected 
experiment tasks .  

Minor deviations that resulted from scheduling 

The complete mission scheduling printout fo r  each flight mission 

Almost without exception, the rejection of one o r  more  tasks  by the 
scheduling program resulted from the unavailability of sufficient joint c rew 
t ime  to complete each rejected task within i ts  operational constraints.  
Superficially, each flight mission appears  to  be capable of accommodating 
i t s  assigned experiment group. Indeed, a significant amount of c rew t ime 
remains  unscheduled in  every  case. The rejected cases therefore  constitute 
an  example of the critical importance of computer scheduling as opposed to  
s imple assumption of feasibility based on apparent availability of c rew time. 
F u r t h e r  discussion of this  point will be found in  the subsequent section on 
Crew Operations. 

- 13 - - 
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DATA MANAGEMENT SYSTEM 

A standardized data management subsystem is proposed f o r  use  with 
each of the NASA missions.  This system is described in detail in Volume 3 .  
The  standardized data subsystem can simultaneously r eco rd  nine analog con- 
tinuous channels (frequency response 12. 5 to 5000 cps )  and one se r i a l  
PCM-NRZ digital channel (51,200 bps). The recorder  speed is 15 inches pe r  
second for a period of 30 minutes per reel of magnetic tape. 

The analog-to-digital converter,  multiplexers and programmer  of the 
standardized data management subsystem can be a r ranged  to process  a multi-  
plicity of analog high-level, analog low-level, digital paral le l ,  and digital 
serial input channels. 
high-level analog channels and 50 low-level analog channels into eight bit words 
a t  sampling r a t e s  varying f r o m  200 t o  1 sample per second. 
includes a provision fo r  processing 32 digital paral le l  inputs at sampling rates  
of f rom 200 t o  1 samples  per  second and one 40-bit s e r i a l  word at 50 samples  
p e r  second. 

0 
4 s  a n  example, the system can digitally process  270 

The unit a l so  

In an al ternate  mode of operation, the standardized system can  process  
and record  nine analog continuous channels (frequency response 12. 5 t o  1250 
cps)  and one se r i a l  PCM-NRZ digital channel (1600 bps).  
is 3 .  75 iricLe:5 per second for  a period of 128 minutes. During t ransmiss ion  
of this  data, the playback tape speed i s  120 inches per  second when only digital 
readout is desired; this playback speed permi ts  1 2 0  minutes of recorded data 
to  be transmitted to  ground in a period of 3. 75 minutes. 

The r eco rde r  speed 

Based upon a n  analysis of the experiment data generated on each m i s -  
sion, the s tandard system will i n  general fulfill data management requirements.  
A s u m m a r y  of such requirements  by flight is shown in Table 4. 
with t ransmiss ion  capacit ies (see Communications, Volume 4) indicates diffi- 
culty only in the case  of Flight 518, which requires  3 hours  of t ransmiss ion  
t ime  per  day. F o r  this flight only, re turn  of data to  Earth on tape wliiprobabiy 
be required.  

A comparison 

e 
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211 

Ana- 

aiid 
Digi- 
tal 

log 

3.0 

562.8 

18.8 

Table 4. D a t a  Management Requirements Summary 

507 509 215 

Ana- Ana- Ana- 

and and and 
Digi- Digi- Digi- 
tal tal tal 

log log log 

8.4 14.0 7.7 

330.3 296.0 420.2 

23.6 21.1 30.0 

Flight 

Acquistion 
Type 

Average 
Acquisition 
Period (min) 

~ 

Total 
Trans. 
Time (rnin) 

Average 
Trans. 
Time per 
Day 

- 
209 

Ana- 

and 
Digi- 
tal 

1% 

- 
4.9 

264. C 

- 
18.9 

- 

- 
513 

Ana- 

and 
Digi- 
tal 

log 

14.3 

- 
357.3 

- 
25.5 

- 
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and 
Digi- 
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- 
16.4 

- 
868. E 

- 
19. : 

- 

IF-1 F- 
Digit. 1 , -  

Digi- 

33.4 46.5 

3074.4 1956.9 

68.3 43.2 i 
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DISPLAYS AND CONTROLS 

The technical analysis of each experiment and experiment mission group 
included analysis of experimental control/display requirements  and system 
constraints.  
s ta te  of development, availability, adaptability for  AES use, user-acceptabili ty,  
and functional redundancy. 
fo r  a single typical flight. 
t o  accomplish the control/display requirements  of a l l  o ther  flights, with the 
a im of achieving standardization between flights and resultant benefits  in cost  

Potential controljdisplay approaches were  examined in t e r m s  of 

A t r i a l  control/display configuration was selected 
This  configuration was then reviewed fo r  its ability 

reduction o r  efficiency. 

The conceptual integrated display configuration is shown in F igure  3 .  
The system incorporates  a computer and cathode r a y  tube (CRT). The data 
processor  is  used a s  a display generator for  the CRT,  and to  meet  require-  
ments  f o r  data s torage and retrieval typical of the behavioral experiments 
series. Dissimilar  experiment presentation formats  can  be  modified, along 
with total data displays, by reprogramming the computer. Computer repro-  
gramming is  achieved by a data link either pr ior  t o  launch or  while in orbit. 
Para l le l  p rocessors  may  be used. 
input of operational subsystems data. 

The system a lso  provides for  the potential 

INTEGRATED DISPLAY SYSTEM, 
INCLUDING INTEGRATED REAL TASK SIMULATOR 

I Y 
VERTICAL SCALE INDKATORS 

Figure  3. Integrated Display System 

- 17 - 
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C R E W  OPERATIONS 

Crew operations include spacecraft  management, crew maintenance 
functions, and experiment operations, the l a s t  -named being of p r imary  
in te res t  in the present  study 

Spacecraft management operations include launch operations, sys tems 
management, piloting, inflight maintenance, deorbit and entry, access ,  and 
abort. Crew operations during launch are  expected to  be  largely confined to  
manual backup of cer ta in  automatic o r  ground-controlled system functions. 
System management oper'ations a r e  those associated with initiation, checkout, 
monitoring, adjustment, and other routine attention to  sys tems status and 
action. Piloting functions include attitude control, Delta V,  and such naviga- 
t ion operations as may  be assigned t o  on-board c rew responsibility. Deorbit 
and entry a r e  those operations which take place f rom t ime of command module/ 
se rv ice  module/rack o r  LEM separation to  landing. 
t o  general  c r ew movement during the course  of spacecraft  management, 
personal  maintenance, and (possibly) intervehicular t ransfer .  Inflight main-  
tenance includes such routine adjustment and replacement as may be  required 
o r  allowed by spacecraft  sys tems and such non-scheduled o r  emergency repair  
a s  m a y  be allowed for  the in-the-system design and reliability philosophy. 
Abort operations include a possible on-board manual backup fo r  launch abort  
a s  well a s  emergency procedures  associated with non-scheduled deorbit and 
entry.  
flight mission sections of Volume 2 .  Crew operations associated with pe r -  
s onal maintenance include sleeping, food preparation, eating , exer  c is  e, 
personal  hygiene, waste management, and recreation. These a r e  routine 
c rew operations which are common t o  all flights, except a s  they m a y  be 
modified by cer ta in  biomedical and human performance experiment 
requirements.  

0 

Access functions re fer  

These crew operations a r e  described in grea te r  detail i n  the individual 

Although the c rew operations associated with the var ious experiments 
v a r y  ---- 2 - 1 - -  2 -  A - L - : l  r..-, -.-- fn P"nPv' ;mPn+ w i u t z l y  111 u c L a A 1  l I v I 1 l  L A Y L A  L1llb.l.L bu -Lxr. .*  ___. ~ --", it is  f e a  sihle to  descr ibe 
a l l  of these operations to the individual task  level under c rew operation cate-  
gories.  This analysis is done for  each flight mission in Volume 2 .  Because 
the experiments were originally conceived and designed within the context of 
r e  c o g ni z ed e pi s t om o lo g ic  a 1 a r e  a s , ea ch with c e r t ain t r a dit ional cha r a c t e r i s t ic  s 
of r e sea rch  operations, it  is feasible to generalize br ief  c rew procedural 
descr ipt ions for groups of discipline-related experiments: 

1. Medicine - This group of experiments i s  character ized by standard 
laboratory techniques of provocative testing and biosample analysis 
and observation. With a few exceptions, the usual procedure 

- 19 - 
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2. 

3. 

0 4. 

5. 

6. 

7. 

8 .  

9. 

10. 

involves experimenter and subject, although the data derived a r e  
usually biological and bioelectronic ra ther  than direct  observational. 

Behavior - This group of experiments uti l izes s tandard sensor i -  
psychomotor -intellectual performance t e s t s ,  most of which can be 
adapted to  one-man performance utilizing a standardized console. 
The ar t i f ic ia l  gravity experiments may  be considered as  special  
cases  of behavioral and medical experiments.  

Living Organisms - These experiments seem to  require  technician- 
type c rew operations s imi la r  t o  those of bacteriological o r  smal l  
animal study procedures.  

Space Environment - These experiments requi re  a wide var ie ty  of 
operations including s imple monitoring, operation of ejection 
devices, sophisticated observation of extravehicular events, and 
on-board chemical processing of mater ia ls .  

Liquid/Gas and Solids Behavior - These  studies tend t o  require  t o  
initiate and control r a the r  complex on-board liquid, gas ,  and solid 
processing devices. 

Astronomical Observations - These experiments generally involve 
c rew utilization o f  and data gathering from external optics and 
sensors ,  both by visual observation and display readout. 

Remote Sensing of Ear th ' s  Atmosphere and Surface - These experi-  
ments require  c rew operations very s imi la r  to  those required by 
astronomical  observations and utilizing much of the same  equipment 
in much the same way. 

Electromagnetic Propagation and Transmiss ion  - These experiments 
emphasize communications control and the analysis  of result ing 
displayed data. 

Space Strinctiures Technology - These experiments involve c rew 
operations in deploying, operating, and observing s t ruc tures  
external to  the spacecraft .  
remote control and on-board visual observation, some EVA is 
invo lv e d . 

While these operations a r e  usually by 

Subsystem Development and Tes t  - These studies emphasize the 
observation by the crew of systems operation and of 
members  utilizing on-board operational equipment. 

other  crew 
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11. Extra-Vehicular Operations - These studies utilize the c rew a s  
subjects in var ious E V A  tes t s .  

12. Maneuvering and Docking - These studies utilize the c rew a s  sub- 
j ec t s  in spacecraf t  piloting and external  observation and control 
tests. 

The crew-t ime requirements s u m m a r y  (Table 5 )  includes the following 
f o r  each flight: 

1. The total crew-t ime required for  s leep and fo r  personal 
maintenance. 

2. The total crew-t ime required for  daily scheduled sys tems manage-  
ment, i. e., management of the operational sys tems of the  
spacecraft .  

3. The total  t ime required by the experiments.  

4. The total  unscheduled t ime remaining after i tems  one through th ree  
are  deducted from total  miss ion  t ime. 

It will be noted that assumptions of flight feasibility can be misleading 
when based entirely on available hours of c rew t ime.  
t h e r e  would appear  t o  be no reason why crew t ime should be a limiting factor  
in any flight shown in Table !%-with the possible exception of Flights 516 and 
523, neither of which was integrated by S&ID. Nevertheless,  a number of 
experiments were  rejected due to lack of c rew t ime when flights were sub- 
jected to  detailed computer scheduling (Appendix C, Volume 11). 

At cursory  examination, 

This  apparent paradox occurs  whenever either of the following occurs:  
available c rew t ime  is fragmented; c r e w  t ime  is over-scheduled within 
special  experimental  constraints,  e. g., day-time operations; c r ew t ime  is 
available only during t i m e s  conflicting with spacecraft  operations requi re -  
ments ;  o r  when it is not schedulable a s  joint c r e w  t ime to the extent necessary  
tc! complete. an  experimental  requirement.  Only through use of a computer 
program can assurance  of scheduled c rew t ime be obtained. 8 
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c o b  

Table 5. Crew-Time Requirements Summary 

'Not Integrated by NAA. Figures in parentheses are  taken from experiment formats without analysis. 
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BIOMEDICAL AND BEHAVIORAL EXPERIMENTS 

The basic  Biomedical/Behavior Experiments Program specified by NASA 
In actual practice,  it i s  likely that the total  is included in a l l  AES missions.  

basic  program will be applied only in the f i r s t  and, possibly, the second flight 
of each incremental  flight duration. 
will most  probably be  designed on the bas i s  of the resu l t s  of previous flights. 
The prec ise  experiments fo r  projected flights cannot be predicted. 

The remaining flights of each duration 

In a broad sense,  the Biomedical/Behavior Experiment  Program (NASA 
Experiments 0101-0121/0201-0203) is designed to  evaluate the  effects, over  
t ime,  of prolonged space flight on man ' s  physiological functioning and pe r -  
formance capability. 
comprehensive cross-sect ion of selected physiological functions. 
these  experiments will accomplish the following: include measu res  that will 
a s s e s s  the effects of vehicle maneuvers on man; identify the causes  of observed 
degradation; predict the onset and determine the degree of impairment;  and, 
validate selected preventive o r  counter measures .  
will sample a representative c ross -sec t ion  of man's  response reper to i re ;  they 
will a l so  include r ea l  operational tasks ,  simulated c rew tasks ,  and experi-  
mental  measurement  of performance components. 
overal l  Biomedical/Behavior Program will most likely be realized by the 
2 1  biomedical and the th ree  behavior experiments.  
engineering point of view, several  experiments prove to  be excessively costly; 
the occurrence of some redundancy and confounding of experimental  objectives 
has  a lso been noted. 

0 
In general, the  biomedical experiments will study a 

In addition, 

The behavior experiments 

The objectives of the 

However, f rom a system 

The  fuel requirements  for vehicle maneuvers required by the specified 
design of Experiments 0101 and 0102 often exceed system capability, and at 
bes t  are costly. 
of var iable  rotation ra tes  of zero G i s  cri t ical .  
measu re  response t o  l inear  acceleration and rotation in flight with a modified 
Barany chair .  
of a chair  within a vehicle a r e  somewhat different than when the vehicle is 
accelerated and rotated,  the differences a r e  probably not gross .  
instance at  least ,  vestibular functioning can be measured  in  space and compared 
with ground functioning. 
can be thoroughly studied and effects of zero G with ar t i f ic ia l  G can be s y s -  
tematically evaluated. Therefore,  i t  is recommended that Experiments 0101 
and 0102 be accomplished without special  vehicle maneuvering, or  that the 
accelerat ion and rotation requirements of these experiments be accomplished 
on only one flight. Where possible, however, the specified maneuvers  have 
been incorporated in flight design. 

The need to  evaluate vestibular functioning and crew tolerance 
However, it is  possible to 

Although the sensory aspects  of accelerat ion ( l inear  and angular) m 
In this  

Most importantly, on Flight 2 2  1 vestibular functioning 
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Experiments  0103, 0104, 0105, 0106, 0107, and 0108 a r e  concerned 
with evaluation of the cardiovascular  system. 
the need t o  t r y  a var ie ty  of m e a s u r e s  to der ive the optimum index of card io-  
vascular  functioning. However, the use of the lower body negative p r e s s u r e  
device, the exercycle,  and other devices for  provocative testing, confounds the 
controls  essent ia l  f o r  evaluating countermeasures;  these  devices a lso confound 
the resu l t s  of the provocative t e s t s  themselves .  
for  the experiments  a r e  different, thus complicating the problem of m e a s u r e -  
ment synthesis.  
upon an acceptable measu re  of cardiovascular functioning; yet, the frequency 
of countermeasures  is unrelated to  the cardiovascular  a s ses smen t  experiments.  

There  is no argument  with 

In addition, the frequencies 

Par t icular ly ,  the evaluation of countermeasures  is contingent 

Radio-isotope procedures  for  assess ing  fluid compartment  volumes a r e  
costly, Equipment weight fo r  th i s  experiment is 463 pounds. However, 
biomedical specialists differ as t o  the best  technique fo r  a s ses s ing  blood 
volume, total  body water,  and other  fluid compartment volumes with a radio-  
isotope system. It is v e r y  iikely that with some changes i n  the techniques or 
radio- isotopes used, other  equipment could be utilized which would great ly  
reduce  the 463 -pound equipment requirement.  
a r e  concerned, the sensitivity and feasibility of the following m e a s u r e s  a r e  
questionable: Experiment 0201 -e-Orientation, position and location; Exper i -  
ment 0202-a-Locomotion; and Experiment 0203-a-Dexterity (don and doff 
space suit). 

Insofar as behavior experiments 
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PRESSURIZED VOLUME REQUIREMENTS 
FOR EXPERIMENTAL OPERATIONS 

F o r  the AES se r i e s  of flights under consideration, the minimum 
pres su r i zed  volume requirement is establ ished by the biomedical and behav- 
io ra l  experimental  program common to  all flights. The estimated volume 
minimum for  this program is about 200 cubic feet .  This volume a lso  fulfills 
minimum requirements  for other experiments ,  including the Air  F o r c e  ser ies .  

It is emphasized that this is not presented as a n  optimal volume nor 
necessar i ly  habitable fo r  long durations;  ra ther ,  it is presented as an adequate 
volume within which a specified set of operations can be accomplished. 

Among the factors  considered were  the following: layout of standardized 
controls and displays,  packaged equipment dimensions storage a r e a ,  access i -  
bility of the data management system panel, adequate work bench space,  
location of necessary  hatches and ports ,  and s t ructural  configuration con- 
s t ra ints .  To these  basic constraints can be added the  operating volume 
required fo r  two crewmen, (acting as obse rve r  and subject, respect ively)  t o  
accomplish minimum movements demanded by the experimental  design. 
Experimental  procedures  require  capability for  face-to-face and /o r  s ide- to-  
side relationships, both sitting and standing. It will be seen from Figure  4 
that the specified volume of approximately 200 cubic feet  is minimally ade-  
quate and can be used a s  the basis for  sizing the rack airlock. 
of this s ize  cannot be provided within the th ree -man  command module. 

Usable volume 
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INTEGRATION OF AIR FORCE EXPERIMENTS 

The  approach to integration of A i r  F o r c e  experiments in  the study con- 
figurations has  been necessar i ly  different than the approach t o  integration of 
defined NASA experiments with specified flight missions.  
optimize Air F o r c e  experiment groupings by  accomplishing the  total  program 
in  a minimum number of launches implies a m o r e  advanced integration study, 
requiring considerable i terative analysis. 

The des i r e  to 

An iterative analysis could not be ca r r i ed  t o  completion during the 
abbreviated t ime  span of this  study, and it will be  seen that the  prel iminary 
Air  F o r c e  flight groupings, when submitted to  computer analysis,  could not 
be completely scheduled. 

0 

The accommodation of AF-1 and A F - 2  on two 45-day Apollo configura- 
tions with experimental  racks has  been fully demonstrated.  The integration 
in  t e r m s  of adequate scheduling of sys tems and crewmen is demonstrated in  
par t ,  but a number of tasks  and one whole experiment have at th i s  stage been 
rejected due t o  lack of sufficient joint crew t ime,  o r  due t o  conflicts in  c rew 
scheduling. This occurs  in spite of the fact that utilization of c rew t ime i s  a t  
only about 2 / 3  of that  available. Since the problem is one of scheduling, it i s  
reasonable to suggest that  fur ther  i teration will provide assurance  of A i r  
F o r c e  experiment integration. F o r  the moment,  the conclusion must remain 
that advanced accommodation has  been demonstrated,  but that prel iminary 
integration is  as  yet incomplete. 
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SUMMARY O F  INTEGRATION ANALYSIS 

Table 6 presents  the salient points concerning the potential integration 
problems in each flight mission. In one sense,  the tabulation constitutes a 
statement of study conclusions. However, a s  has been pointed out, i terat ion 
of resu l t s  has not been possible. Except in the case  of the Air Fo rce  Flights,  
for  example, no attempt to reschedule miss ions  a t  reduced durations has  been 
made.  
prevent the meeting of mission objectives. Blocks with shaded edges indicate 
problem a r e a s  that require  modification of experiment frequency o r  flight 
duration, but do not necessar i ly  prevent meeting of miss ion  objectives. 
Interpretation of data contained in the table should be qualified by details  
included in the main text of the report .  

Black-bordered blocks in  Table 6 represent  c r i t i ca l  a r e a s  which 

0 
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0 

0. 

(Days) I InCl. I Alt. 

14  I 28.5 1 200 

211-D 30 28.5 200 

507 14  90.0 200 

509 1 4  EO SYN 

215 14  1 5 -  

-- 

513 14  81.5 200/700 

218-C 45 28.5 200 

218-D 45 28.5 200 

Gross Net Rev. 
Weight Payload Weight Weight 
Req'd Avail. Margin Req'd 

29,056 32,670 +3,614 

33, 609 32,670 

32,114 106,495 +74,381 

43,104 57,250 +14,146 
1 1 .,........ I......,..........'.'.. ................ 1 

33,165 1 30,158 6 ,,,,,, -3,.007,.iI 29,917 
1 1 1 

38,551 

32,386 

35.716 

219-C 

219-D 

221 -c 28.5 

221 -D 28.5 200 

32,629 

34,559 

30,333 

33,663 

516-C 45 EO SYN 54,061 

516-D 45 EQ SYN 56,006 

518-C 45 83 Ret 200 43,873 

518-D 45 83 Ret 200 50,137 

521 -C 45 EQ SYN 47,470 

I 521-D I 45 I EQ I SYN 1 49,415 ~ 

I 523-C I 45 I 28.5 I 200 I 37,329 

I 523-D I 45 I 28.5 I 200 1 40,574 

AF-1D 

I AF-1C Revised 

45 28.5 200 33,135 

45 28.5 200 36,465 

45 28.5 200 32,995 

45 28.5 200 36,325 

45 28.5 200 34,420 

45  28.5 200 37,992 

34 I 28.5 I 200 I 32,605 32,670 r +65 1 - I -  - I NO I NO 1 

g;.$ Correctible by change i n  experiment frequency or flight duration. .Not integrated by %ID-data not h a i l a b l e  



Table 6 .  Sur 

1,648 

1.648 

1,790 100.0 

1,790 Reduced duration to  

* * 

* 

0 Experiment objective zannot be m e t .  a 



mary of Integration Analysis 

)n to allow integration. 

Remarks 

3ys. 

3ys. 

batteries to  14 days. 

;ave weight. 

save weight. 

:d. 

:d. 

I 
I 

- 

save weight. Experiment schedule unknown. 

/or re-schedule a t  reduced duration. I 
save weight. Important experiment objective cannot be met. 

or re-schedule at reduced duration. I 
lsave weight. Important experiment objective cannot be met. I 
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C 0 N F I G U RAT 10 N S A N D  EX PER I ME N TS kC.C OMtVO D AT I 0 N 

This  portion of the study was concerned with the analyses of spacecraft  
configurations designed to accommodate NASA specified experimental  pack- 
ages  with NASA specified mission constraints .  
w e r e  modifications to  the Block II CSM which resul ted,  to various degrees ,  
in  configurations capable of accommodating the experimental  requirements  
fo r  miss ion  durations up to 45 days and a re  described in  Volume 3 .  

All configuration concepts 

A rack  with a cent ra l  airlock is  housed in  the spacecraft  LEM adapter 
(SLA) during boost, and was designed as the pr imary  vehicle component i n  
which to instal l  experiments.  An alternative location for  experiments that 
require  no access  by the astronauts is available on a pallet in  Sector 1 of the 
serv icc  modiile (SM) for  a i i  configurations but those utilizing this sec tor  for  
cryogenics and fuel cel ls .  
under Contract NAS9-3923 and reported in  NAA Report No. SID 65-266. 

The pallet had been previously designed by NAA 

Time did not permi t  the detailed design of a rack  that was optimum as  
to weight, s ize ,  cost ,  and manufacturing complexity. The s ize  of the rack  
was se t  by the necessity of spanning the four LEM at tach points in the space-  
c r a f t  LEM adapter and providing a s  much volume as  possible above the LEM 
attach points for  installation of subsystems and experiments that  had not yet  
been completely defined. 
major  equipment and f rom which to span shelves for the small  equipment. 
The airlock was sized by preliminary definition of experimental  pressurized 
volume re  qui r e m  ent s . 

Eight beams were provided for  attachment of 

Experiment packages, a s  defined by NASA a t  the s t a r t  of the program 

No attempt was made to define 
and modified by concurrent  experimental s tudies ,  were integrated into the 
r ack  for each flight and each configuration. 
the experiments to a grea te r  extent than that required from a packs-ging 
standpoint. The ultimate purpose of the study was to demonstrate packaging 8 concepts and miss ion  feasibil i ty.  

F o r  each flight and each configuration, layouts were made indicating 
the general  mission and spacecraft  components with a table l ist ing experi-  
men t s  required for  that  flight. 
a r rangements ,  CSM, and experiments a s  required f rom a packaging view- 
point a r e  presented in  Volume 3. 

Mission-oriented layouts of rack  internal  
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COMMAND MODULE (CM) MODIFICATIONS 

Only minor  s t ruc tu ra l  rearrangements  to the Block 11 Apollo a r e  
required to make the CM compatible with all  study configurations. 

F o r  all flights, the C 0 2  absorbers  and food have been removed to the 
rack  with the exception of a one-day supply. 
has  been deleted. 
volume availability for r e tu rn  of orbit  data and AES scientific equipment. 
F o r  flights in  excess  of 14 days, other c rew sys tems such as  medical and 
hygienic supplies have a l so  been stored in  the rack  instead of the CM. 
modifications to the internal  arrangement ,  particularly the lower equipment 
bay, a r e  required to accommodate the extended-life subsystems fo r  
Configurations C, D!, and D. 

All Block I1 scient i f ic  equipment 
This has  been accomplished to maximize the s torage 

Slight a 

Minor changes to the e lec t r ica l  power system have been made. Two 
e lec t r ica l  umbilicals a r e  added for the a c  power supply to the rack ,  and a r e  
s to red  in  the aft bulkhead with the Apollo Block I1 umbilicals. 
l ines  a r e  installed similar to  the regular dc power l ines  of the Apollo BlockII. 
They a r e  connected into the e lec t r ica l  power system in the righthand equip- 
ment  bay and attached to a junction connector in  the command module forward 
bulkhead. The umbilicals a r e  plugged in  a t  this  point and run to the rack  
junction connector, which is installed in the wall of the rack  hatch tunnel. 

The power 

The communication system has been rewired to provide communication 
between the rack  and CM. 
in  the righthand forward equipment bay for  the environmental control system 
to  maintain air  circulation between the CM and the air lock.  
tions D and D ' ,  a 3/8-inch diameter flexible air  line is added to  c a r r y  100 psi  
0 2  f rom the rack  t o  the CM. 

A blower and flexible removable duct a r e  provided 

F o r  configura- 

This umbilical i s  s tored on the aft bulkhead. 

To provide forFlight 509, which includes capture and re turn  of Syncom 
111, the seat and leg pans of the cefiter ccuch are rzfiioiieil io aiiow stowage 
of Syncom 111 on the aft bulkhead against the lower equipment bay. 

0 
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SERVICE MODULE (SM) MODIFICATIONS 

The serv ice  module i s  a cylindrical  s t ruc ture  connected to  the aft  end 
of the command module, providing the propulsion capability, e lec t r ica l  
power, reaction control, and the major  portion of the environmental  control 
sys tem in the form of subsystem consumables.  

F o r  purposes of this study, the SM ar rangement  for  Configurations 1 
Sector I i s  empty of equip- and D' a r e  identical to the Block I1 Apollo SM. 

ment  and has  hard  points built into the bas ic  s t ruc ture  for  mounting the lunar 
mapping and survey equipment o r  an experiments  pallet. Sec tors  11, 111, V, 
and V I  contain tankage for 41, 000 pounds of SPS propellant. On the covers  
f o r  these sec to r s  a r e  installed four interchangeable modular RCS packages 
consisting of a four-nozzle c luster  and one each of oxidizer,  fuel, and 
helium pressurant  tanks.  Sector IV  contains three  400-hour fuel cel ls  and 
two each of cryogenic 0 2  and H2 tanks. 

The center  section houses large spher ica l  helium pressurant  tanks for  
the SPS, and se rves  as a s t ruc tura l  support  for the main propulsion engine, 
which is attached to, and extends below, the aft  bulkhead. 

Configuration D is defined a s  being identical to  the above descr ibed 
configurations, except that a change to  the RCS tankage is allowed i f  more  RCS 
propellants a r e  required by the mission. The modification consis ts  of 
replacing the one s e t  of Block I1 RCS tankage with two se t s  of LEM RCS 
tankage for each RCS nozzle c lus te r .  
changeable sec tor  covers  for Sectors  11, 111, V,  and VI will be required.  
During the study, experiment  requirements  dictated that a l l  NASA miss ions  
include the maximum RCS tankage. 

To accomplish this,  new but i n t e r -  

The SM for configuration C is basically that developed for the ApolloX, 
which nominally provides for a 45-day miss ion  duration. Additionally, e lec-  
t r i c a l  power capacity has  been provided by replacing the three  400-hour 
Block I1 fuel cel ls  with four 1000-hour fuel cel ls  ( three in Sector  IV and one 
in Sector  I )  and by increasing the s ize  of the EPS and ECS cryogenic consum- 
able tanks in  Sector IV. An identical pair  of these cryogenic tanks a r e  a l so  
added to Sector I. 
two s e t s  of LEM RCS propellant tanks for  each RCS nozzle c lus te r  in place 
of the one s e t  of Apollo-type tanks. 
modes,  only a sma l l  amount of SPS propellants i s  required.  

Additional RCS capacity i s  again available by utilizing the 

F o r  low e a r t h  orbi ta l  inclination mission 
F o r  these 
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missions,  the propellants can be contained in four spherical  tanks, one each 
in Sectors  11, 111, V, and VI ,  of the same diameter  a s  the nominal Block I1 
tanks. The reduced propellant quantity also permi ts  removal of one of the 
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RACK DESCRIPTION 

The geometry of the experiment rack  is that of a cone f rus t rum having 
a 178-inch diameter  at the top and a 215-inch diameter  at the base. 
118 inches high. A 72-inch diameter cylindrical a i r lock at the center of the 
r ack  is supported by eight radial  beams spaced a t  45-degree intervals con- 
necting the air lock and the rack outer shell. The upper and lower bulkheads 
a r e  mounted on the outer shell. 
216 cubic feet ,  and unpressurized volume of the rack  is 1740 cubic feet. The 
r ack  is shown in Figure 5 .  

It is 

The pressurized volume of the airlock is 

0 
-4 IE- L 0 C K 

The airlock is a cylindrical 72 inches in diameter  by 118 inches long. 
In order  to achieve modular growth potential, the a i r lock was designed with 
a universal-type pressure  f r a m e  to each end. The f rames  have identical 
inner bolting flanges that can be mated with a pressure  dome containing 
ei ther  a docking drogue or  docking probe, depending upon the mission. Rack/ 
CSM docking mechanics a r e  identical to those of the Apollo, since thedocking 
drogue and probe a r e  the same.  
the bolting flanges fo r  pressure  tightness (View D of Figure 5 ) .  When a 
single rack is required,  the aft end of the air lock is closed out with an ellip- 
t ical  dome. 
experiments o r  subsystems,  a second rack may be added before launch in a 
base- to-base tandem arrangement  within the LEM adapter.  This is accom- 
plished simply by removing the four support fittings f rom the second rack  
and removing the af t  domes of both air locks before bolting the two racks  
together a t  the outer and inner f rames .  Between the bolting flanges of the 
inner f r ames ,  a metal  gasket o r  O-ring is used to sea l  the joined airlocks.  
At the other end of the air lock of the second rack,  the appropriate airlock 
closure configuration may be installed. 
made of integral  skin- s t r inger  panels jsiiied by -zc!dizg. twc? d n n r  ha-tches 
a r e  provided on opposite s ides  of the airlock for  access  to the experiments 
compartment.  
throughout. 

A metal  gasket o r  O-ring i s  used between 

If a la rger  volume is  required to accommodate additional 

The air lock cylinder and sk i r t s  a r e  

Aluminum mater ia l  is used for s t ructural  m e m b e r s  

e 
NONPRESSURIZED COMPARTMENTS 

The experiments compartment i s  divided into eight equal sec tors  by 

Passageways a r e  
radial  beams. 
to the outer skin, a r e  of the milled web-stiffener type. 
provided in beams 1,  2 ,  5, and 6 for crew access  to the experiments.  The 

The radial  beams, which c a r r y  a l l  the loads f rom the airlock 
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forward and aft ends of the sec tors  a re  closed by sandwich bulkheads riveted 
to the radial  beams (B-B of Figure 5).  Each sector  is provided with shelves 
fo r  mounting a variety of experiment packages, 
to permi t  installation of variable - sized experimental  equipment o r  subsys - 
terns in any sector .  The rack  is  covered by eight skin-s t r inger  panels. A 
meteoroid bumper is incorporated into the panels by bonding one inch of 
polyurethane foam layer  to the skin and covering i t  with a bonded aluminum 
foil facing sheet (C-C of Figure 5) .  The sector  covers  a r e  constant in size 
and a r e  fastened with screws  to allow their  removal for accessibil i ty to the 
experiments.  
cord separation device and protective shield along the four sides of the sec-  
t o r  cover (J-J ,  K-K, L-L, and M-M of Figure 5) .  The jettisonable and 
non-jettisonable sector covers  a r e  interchangeable. Some sector  covers  
incorporate the EPS and ECS radiators  by replacing the aluminum facing 
sheet with the radiator panels (new C-C of Figure 5 ) .  
Figure 5,  tie rods a r e  shown in place of the sector  cover a s  an alternate 
s t ruc ture  for  open bays. 

The shelves a r e  removable 

They a r e  designed for jettisoning by simply adding the pr ime-  

In View N-N of 

A l l  s t ructural  members  a r e  aluminum. 

- 40 - -6w#Rm# 
SID 65-500-1 



\ 
\LOWER BULKHEAD 

ALTERNATE OPEN kAV STRUCTURE - 
SECTOR COVER REPLACED BY TIE RODS 

Y W E R  BULKHI 



T’YPiCiii ON FOUR 
SIDES OF CCNER 

.JETTISONABLE 
R 

UPPER BULKHEAD (REF,) \ 
XA7150 75 

ARATION DEVICE 

SHIELD 

JETTISONABLE 
COVER (REE) 

POLYURETHANE FOAM 

J OJ 
SIZE 

RADIAL BEAM 

JETTISONABLE 
COVER 

75 

L 



\ 

XA715.,75 

I 

! 

I 

i 
I 
1 L._ 
i 

i 

! 

i 

! 
! 

K -K4  L-L 
NON -J ETTISONAB LE 
COVER- SEE 
C-C M-M 

AIRLOCK HATCH 

'\ 
GUSSETY 

I 

t 
I II 3P II II 

PRESSURE// 
FRAME t 

ORB ITA L CONF IG o--z 



PLATFORM 
(COLLAPSI BL E) 

DOCKING PROBE ASS% 

VIEW, !E 

‘-DOCKING DROGUE ASSY i 0 9  
VIEW k 

ORBITAL CONF I G. 2 
ORITAL 

CONFIGo I 

OUTER SKIN 411 P S T R I  NGE F 

FACING SHECT 

POLYURETHANE FOAM 

SECTOR COVER ASSY 
SHOWN As 
NON -J ETTISONABLE t 

RADIAL BEAM - 

RADIATOR PANEL 
AS RQD -TYP 

KF; \. 

4921 DI i 

PLAIN AIRLOCK DOME 

I \  



h\VVwEnE SECTOR COVER IS 
? 

JETTISONABLE OR REPLACED UPPER 
BY TIE RODS THE AIRLOCK 
IS TO BE COVERED WITH 
METEOROID BUMPER 
IRLOCK SKIN 
I LLED SKI N-ST R I NGE R) 

RADIAL BEAM 

HATC I- 
2 R  

- tc 
m 

LDING PLATFORM 
~ANDW IC H) 

ER BULKHEAD 
(SANDWICH) 

L M E T A L  O-RING J 

a w 03 TYPO 

S I Z E  

PASSAGEWAY 
2 PLCSI 





i 
N O R T H  A M E R I C A N  A V I A T I O N ,  

I 

XA838CO 

\, 

DOCKING DROG \/ \ (SAME A 5  LEM' 

\, 



N C.  SPACE md INFORMATION SYSTEMS DIVISION 

51 77-21 70 

JE/ HATCH ASSYo 
SI 

'RESSUR IZ  E D 
dPT, VOL, 1740 F T 3  

IXPERIMENTS 
~ H E L F  

)?. 75 
!,. F M -A D A PTO R 

INTFRFACF (RE) 

'ROBE /HATCH ASSY. 
h ' S )  INTERCHANGEABLE WITH 

tED-SEE VIEW E e E ROGUE/HATCH ASSY. 

T:/perlltient Rack Design Study 

SID 65-500-1 



N O R T H  A M E R I C A N  A V I A T I O N .  I N C .  ) SPACE and 1NFOHSI.Xl'ION S Y S T E M S  UlVlSlON 

RACK DESIGN 

The r ack  is supported within the spacecraf t  LEM adapter a t  the LEM 
attach points. The adapter protects the rack  f rom aerodynamic loading and 
heating during boost. The rack  design conditions resu l t  f rom the acce lera-  
tions encountered during launch and orbital  operations loads. The condition 
that produces the maximum axial acceleration occur s  a t  the end of the f i r s t -  
stage boost of the Saturn V vehicle. 
is 4. 7 g. 
design load factor of 7.05 g. 

The maximum axial  limit load factor 
An ultimate factor of safety of 1. 5 i s  used and gives an ultimate 

The air lock s t rength requirement is determined by internal pressure .  
The 7*1 psi operating p res su re  requirement is the same a s  that of Apollo, 
with the design ultimate p re s su re  12  psi. 

A closure ra te  sufficient to produce a l - g  l imit  loading condition was 
assumed in o rde r  to develop orbital docking loads,  based upon a total weight 
of 30, 0001b. The rack internal loads resulting f rom this condition were l e s s  
than those of the launch condition and therefore were  not cr i t ical  for design. 

AIRLOCK STRUCTURE 

The cylindrical a i r lock is  an all-welded p res su re  membrane of skin- 
s t r inger  construction. 
manufacturing gauges determine the minimum weight, 2219-T87 i s  used for  
its weldability. It is  supported at the center of the experiments rack  by the 
eight radial  beams. Two diametrically opposite p re s  su re  tight walk-through 
doors  a r e  provided in the  sidewallto permit  access  to the interior of the rack 
i tself .  The s t r ingers  i n  the pressure  shell permit  the mounting of experi-  
ments  and associated equipment (such a s  console, controls,  and displays) 
within the airlock. 'i'he 0.032-inch skin thickness of the airlock wall i s  
g rea t e r  than required to reac t  the static p re s su re  load; however, the airlock 
may be cycled a grea t  number of t imes  throughout i t s  lifetime, and the extra  
thickness will give an ex t ra  margin of safety for  fatigue purposes.  

Since the s t r e s s  level is  not cr i t ical  and practical  

RADIAL BEAMS STRUCTURE 

The principal function of the radial  beams is to support the airlock and 
the shelves on which experiments a r e  mounted. 
i s  the same a s  for the Apollo SM, in that they a r e  milled from two-inch- 
thick 7075-T6 aluminum plate. They have a web thickness of 0 .020  inches 

The fabrication of the beams 
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and stiffeners of 0.040-inch thickness. 
channel c ross -sec t ion  permitting the shelves to  be mounted within the 
channel. 

The stiffener configuration is of a 

The weight and distribution of all possible combinations of experiments 
were  not defined at the beginning of the program. In order  to design a beam 
for  a l l  possibilities, 2500 lb. was applied a t  the inboard edge. 
application will tend to  be toward the outboard edge, which would produce a 
less c r i t i ca l  condition. 

Actual 

EXTERIOR SKIN 

The ex ter ior  skin is  of conventional skin-s t r inger  riveted construction. 
The mater ia l  is 2024-T6 aluminum alloy. The skin thickness is 0. 025 
inches,  with s t r ingers  spaces  approximately 8.5 inches on center .  The 
s t r ingers  a r e  on the exter ior  of the rack and provide support for  the mete-  
oroid protection system, This system consists of a layer  of foam between 
the s t r ingers  and a bumper sheet fastened to the top of the s t r ingers .  The 
s t r ingers  provide hard-points for the attachment of experiments directly to 
the skin i f  desired.  

BULKHEADS 

The upper and lower bulkheads a re  of aluminum honeycomb construc- 
It provides lightweight rigid construction to t ransmi t  longitudinal loads tion. 

to the beams  and la te ra l  loads to the rack LEM adapter mounting points. 

- 44 - 
SID 65-500-1  



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORhlATION SYSTEhlS DIVISION 

RACK CONFIGURATIONS COMPARISON 

F o r  all configurations, the basic rack  s t ruc ture  is  identical;  only sub-  
sys tem installation var ies .  The variations a r e  shown in Figure 6.  

The Configuration 1 rack  contains a 13-day supply of food arid LiOH 
3 and a 4. 8 f t  , 3000 psi repressurant  tank in Sector I .  If an  t.nviroiittlenta1 

control system is required f o r  the experimental  equipment, ECS rartint(i1.s 
\ ~ ~ o i i l t l  1 ) ~  installecl on Sector covprs I11 and  VII. 

T h e  rack  for  Configuration D '  houses three Block I1 fuel c c l l s ,  i h r ( > ~  
l i l ~ > c l i  11 cryogenic 02, and f o u r  Block I1 (-ryogenic €12 tatiks i t 1  S(1cto1-s IT1 
.ind VII. 
S e c t o r  I. The Sector I cover includes <in EPS r,idiator ,rnd , lssociatc(l  T , : € ' 5  
equipment. 
r equi r e d . 

Food and crew system expend<ibles €or 2 9  d<iys < i re  loc,tted in  

ECS rad ia tors  dre  located on  Sector covers  111 <ind VI1 if 

The "C" rack  houses only LiOH and crew system expendables in  
Sector I. 
supplies all  power repressurizat ion and environmental control to the airlock. 

No other  subsystems a r e  installed in  this  r ack ,  s ince the CSM 

The 'ID" rack  contnins Apollo X cryogenic tanks and th ree  1000-hour 
fuel ce l l s  in Sectors  III and VI1 to increase  the flight dur<ition of the vehicle 
t o  4 5  d<iys. ECS and EPS rad ia tors  a r e  installed i n  the s a m e  sector covers  
as fo r  the D '  configuration. 
t ion i s  located in  Sector I with the LiOH and crew system expendable. for  
4 5  days.  

A surge tank that c,in be used for  r ep res su r i za -  

A summary  weight statement for the various configurations i s  shown 
in Table 7 .  
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Table 7. Rack Summary Weight Statement 

Structure  

Elec t r ica l  power sys tem 

Communi cations 

Instrumentation 

Environmental  contr 01 

Controls and displays 

Crew sys t ems  

Useful load 

Subtotal 

Contingency 

Total 

~ __ 

-- _ _  - - I __ 
~ 

Configuration Weight (pounds ) 

1 

2155 

3 04 

108 

34 

223 

127 

20  

31 1 

3282 

29 8 

3580 

C 

2182 

3 04 

108 

34 

127 

127 

20 

714 

3906 

D 

2241 

2297 

153 

34 

140 

164 

20  

309 1 

8140 

505 

8645 

D’  

2240 

2037 

153 

34 

32  1 

I64 

20 

1508 

6477 

49 7 

69 74 
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EXPERIMENTS ACCOMMODATION 

Experiments  defined by NASA were  integrated in the CSM and r ack  for  
each  flight and each configuration. Detailed layouts and mis s ions  descr ip-  
t ions a r e  presented in Volume 3 .  
exper iments  which requi re  no astronaut a c c e s s  might be t rea ted  mos t  effi- 
ciently by placing them in  the pallet designed f o r  Configuration 1 and D. 
However, a s  the study progressed,  all experiments  were  found to  be com- 
patible with r ack  installation, resulting in  a minimum weight concept. 
Flight 518, a pallet was used to house a side-looking r ada r  experiment  
because prel iminary analyse6 indicated it would not f i t  in the rack .  
resu l ted  in an additional weight penalty of about 3000 pounds. Fu r the r  
design analyses  indicated that this equipment could have been placed i n  the 
rack .  

Initially, it was a s sumed  that those 

In 

This 

All NASA missions include the biomedical and behavioral  experimental  
packages (0100 and 0200) .  
a i r lock  in  a standard a r rangement  for a l l  flights. 

These experiments  have been integrated into the 

AIRLOCK INTERNAL ARRANGEMENT 

The basic  a i r loack (F igure  7 )  provides a pressur ized  workspace for 
controls  and displays associated with the various exper iments ;  i t  a l so  incor -  
pora tes  a subsystems panel for spacecraf t  monitoring and the control of 
subsys tem elements  installed in  the rack.  The air lock a r rangement  i s  
essent ia l ly  mission independent for all NASA flights. 
1 ,  C, D' ,  and D have s imi la r  a i r lock requirements ,  the Configuration D sub-  
s y s t e m s  panel is l a rge r  because the power system was added to the rack.  

Although Configurations 

The forward end of the airlock i s  designed to house a LEM-type drogue 
cone and dock with the Apollo Block I1 command modulc. 
a i r lock  is designed for the al ternate  installation of e i ther  a LEM-type drogue 
cone, Apoiio type probe, o r  a hatch-whichever i s  requi red  by a specific 
miss ion .  Pressure- t igh t  door with view ports ,  located a t  each end of the 
a i s l e ,  provide a c c e s s  to the unpressurized sec to r s  of the rack.  
assembly  is s t ructural ly  integral  with the rack.  

The aft end of the 

The air lock 

The 216 cubic-foot volume of the a i r lock  was establ ished to meet  the 
requi rements  of biomedical and human fac tors  experiments.  The floor a r e a  
is 19 .4  square feet;  with an  additional 10.4 square feet  under the work table 
and integrated display panel. Movable saddle -type stools provide body 
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r e s t r a in t s  and allow considerable flexibility of c rew position. 
hand stool may be swiveled under the work table i f  des i red .  

The right-  

The internal  a r rangement  provides a righthand and lefthand console 
space,  separa ted  by a center  work area .  
experiments  and the integrated display sys t em a r e  located on the left side of 
the ais le .  The data management panel, the decoder,  and data s torage 
r eco rde r  a r e  located above the behavioral equipment. 
provides support  f o r  the power supply and integrated display generator .  
Storage a r e a  is a l so  available in the upper section. 
mental  control unit-consisting of an  a i r  circulation fan, catalytic burner ,  
and debr i s  trap-is located in the upper section. The s torage a r e a  for  the 

The biomedical and behavioral  

A ver t ica l  cold plate 

The air lock environ- 

TV and sti l l  c a m e r a s  is a lso in the upper section. a 
The right side of the ais le  provides the work space.  

is the subsystem display and control panel. 
i s  changed in subject configurations. 

Above this space 
This panel i s  the only i tem that 
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SPACECRAFT PERFORMANCE / WEIGHTS 

In this study weight f ac to r s  were of p r imary  concern because it was 
not known whether o r  not each flight-with its full experimental  p rogram 
aboard-could be accomplished within i t s  payload l imitations.  
comparison of calculated weights with booster  payload capabilities, NASA- 
furnished launch vehicle performance f igures  were  used s o  that concurrent  
studies conducted by Grumman and Boeing would be consistent with this 
s tudv . 

F o r  the 

The NASA-specified payloads a r e  shown in Table 8. F o r  the low- 
inclination Ea r th  orbit flights (Flights 209, 211, 218, 219, 229, 230), the 
payload for  the S-IB was stated to be 32, 670  pounds. Flights 219, 229, and 
230 (rendezvous fl ights) mus t  c a r r y  a n  additional 650 pounds of se rv ice  pro-  
pulsion sys tem propellant reducing the specified payload capability by that 
amount. Flights 215 and 221 use  the spent Saturn S-IVB stage as  a counter- 
weight for  the ar t i f ical  G experiment.  The payloads l is ted for  these fl ights,  
therefore ,  include the spent stage weight of 31, 185 pounds. 

The high-orbit inclination, low-altitude miss ions  (Flights 507, 513, 
and 518) have a NASA-specified payload capability of 106,495 pounds. 
is  attained by a programmed yaw steer ing maneuver  during ascent.  
a scen t  t ra jec tory  (F igure  8 )  i l lustrates  the tracking and booster  impact  
problems attendant with such a maneuver.  
the first stage will impact  in  the Cuba-Puerto Rico region. The second 
s tage of the three-s tage- to-orbi t  vehicle would impact  in  Columbia, South 
Amer ica .  F o r  comparison, a non-yaw steer ing ascent  t ra jectory i s  a l so  
shown in  this f igure.  
specified for  Flights 516 and 521. 
propellant. 

This 
The 

F o r  a two-stage-to-orbit  booster ,  

Synchronous orbit  capability of 57,250 pounds was 
The payload of F l igh t523  includes S-IVB 

F o r  Air Fo rce  configurations, a weight contingency of 20  percent was 
added to the calculated weights as  specified by the Air  Fo rce  MOL RFP.  
Because the Apollo CSM i s  now in development, this  was applied only to  the 
d ry  rack  weight and experiments.  The Apollo program March 1965 Weight 
Statement for the CSM was used  a s  a bas i s  for  the various NASA configura- 
t ion concepts. F o r  NASA flights, a weight contingency of 10 percent  was 
a s sumed  and applied to  the dry  rack weight and experiments .  Summary 
weights for the overal l  spacecraf t  for  each flight as shown in Tables 9 
through 12 were  compared with the specified payloads to obtain a weight 
margin .  

8 
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SM ASC 
Propulsion 

(Ib) 

1,410 

Remarks  

1, 410 No allowance for 
rendezvous (650 lb)  

S-IB 

s-v 

S - V  

2 0 0  

200 

19,350 

1, 307 Payload includes S-IVI 
(31,  185 lb)  

106,495 

57, 250 

Yaw steering 

Two-stage to low eartk 
orbi t ,  15, 800 propul- 
sion for  deboost 

25, 200 

Table 8. Payload Capabilities Per  NASA Specification 

Alti - 
tude 

(nmi)  

Inc li - 
iation 
(deg)  Flight Booster 

!09,21 1, 
!18 

219,229, 
!30 

~~ 

S -1B 200 

~ 

32, 670 28.5 

28. 5 32, 670 

215 6 1 , 3 4 3  50 

90 507 

J 1 6,52 1 0 

I 

513 S-V 200 81. 5 106,495 Yaw steer ing,  no 
allowance fo r  echo 
rendezvous (8,  560 lb) 

318 -83 s - v  I 200 106, 495 

( 3 1 ,  185 lb)  
22 1 S -1B 200 28.5 

~ 

s -v  
~ ~ 

200 523 28.5 219, 250 Payload includes S-IVf 
propulsion 

Configuraiiori l aiid D '  weights a re  l is ted in  Table 3. These i+-eights a - include the weight of ba t te r ies  necessary  for  peak power loads required for  
experiments  and the 14-day mission.  Fl ights  211  and 215 have negative 
weight margins ,  Consequently, flight duration o r  individual experiment 
frequencies must be limited to meet  launch vehicle payload capabi l i t ies ,  
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Figure 8. High Inclination Orbit  Ascent 

In Table 10, summary  weights for the full experiment program a r e  
presented for  Configurations C and D flights scheduled for Saturn IB boosters .  
Al l  D Configurations show negative weight margins  since the g ross  weights 
a r e  approximately 2000 to 3000 pounds grea te r  than the C Configurations. 
Miss ion  durations o r  experiment frequencies must  again be modified to resul t  
in positive weight margins .  

Weights for Saturn V flights for  the C and D Configurations a r e  l isted 
in Table 11. 
weights a r e  presented in Table 12 and exhibit negative weight margins  f o r  
the 45-day mission.  
3 0  days,  Configuration C can accommodate both flights if the duration is  
l imited to approximately 35 days. 
D mus t  be reduced to l e s s  than 14 days to  meet  the payload l imitations.  

Posit ive weight margins  exist  for all flights. Air F o r c e  flight 

Since the Air F o r c e  miss ion  duration requirement  is f o r  

By contrast ,  the duration of Configuration 
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S UBSY ST EMS A N  ALY S I S 

This section summar izes  the r e su l t s  of the subsystems investigations 
The subsystem definitions used a r e  based performed during the AES study. 

upon Apollo Block I1 and life extension-associated revisions as determined 
in  the previous Apollo X study. Of p r imary  emphasis  in the program were  
the ramifications attendant with NASA-defined ground ru l e s  relating to  the 
location and operation of selected subsystems;  i. e . ,  relative to placement 
within the command- service module (CSM) o r  on the experimental appendage 
( r a c k ,  LEM, o r  laboratory module). 0 

The initial philosophy established by NASA at the beginning of this  
study can be summar ized  f o r  each spacecraf t /  subsystems configuration as 
follows: 

Configuration 1 - Use Block I1 subsystems without change and minimize 
command module changes caused by interfaces with an  external device. 
Because the Block 11 subsystems a r e  designed fo r  a miss ion  of 14 days, 
Configuration 1 applies only to miss ions  with nominal durations of 14 
days. 

Configuration C - Use Apollo X type subsystems (pe r  e a r l i e r  NAS9-3140 
studies) in the CSM f o r  l ife extension, and add only subsystems peculiar 
to experiments in  the external device. 
a nominal miss ion  duration of 45 days. 

Configuration C should have 

Configuration D - U s e  Block IT subsystems without change in  the CSM, 
and use Apollo X type subsystems in the external device to both achieve 
l ife extension and to provide f o r  experiment functions. This configura- 
tion should have a nominal mission duration of 45 days. 

In addition to Configurations 1 ,  C, and D, special consideration was  
required f o r  Flight 211 that ca l l s  fo r  a 30-day duration scheduled ea r ly  in the 
AES program.  
Apollo X type subsystems would not likely be available f o r  the scheduled ear ly  
launch of this flight, another configuration ( D  ) was  defined. Configuration 
D’ u ses  Block I1 subsystems in the CSM and achieves the extended duration by 
placing additional Block 11 subsystems i n  the external device with prototype 
modifications of c r i t i ca l  CSM subsystems. 

Because Configuration 1 cannot endure for  30 days and because 
8 

/ 
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Additionally, severa l  other ground ru l e s  were  postulated by NASA. 
F i r s t ,  a pure oxygen (5-psia) a tmosphere w a s  to be used in a l l  configura- 
tions, and second, the guidance and navigation sys tem should be retained in 
all configurations on al l  f l ights.  Thirdly, 1000-hour fuel cel l  s tacks  should 
be used in the external  device f o r  Configuration D and in the serv ice  module 
f o r  Configuration C. 
t he rma l  control sys tem fo r  equipment and experiments  housed therein.  

Fourth,  the external device should have a n  independent 

The recommended Block I1 subsystem changes result ing f r o m  the p re -  
vious Apollo X study a r e  summar ized  in Table 13. 
could be substantiated by pa rame t r i c  analyses a r e  presented.  
c a s e s ,  cer ta in  changes a r e  presently not indicated; however, subsystem 
suitability m u s t  be verified through testing under Apollo X mission-  simulated 
environment and duration. Therefore ,  Table 13 provides only an  initial tabu- 
lation of required changes; testing may reveal  the necessi ty  for  additional 
modifications. 

Only those changes that 
In other 

Several  comments  regarding this modification l i s t  a r e  apropos for  
clarification purposes .  
volatile ma te r i a l  to the parachute compartment  to  maintain the compartment  
p r e s s u r e  af ter  14 days. Therefore ,  this is a required change for  Configura- 
tion D, D', and C .  
(used  in Apollo X studies) is not used in Configurations D and C.  

The Earth-landing sys tem requ i r e s  the addition of 

Because of the single-gas ground rule, the N 2  system 

The G&N and SCS modifications were ei ther  the r e su l t  of extended 
durat ions o r ,  a s  in the case  of the lunar polar orbit  mission,  the r e su l t  of 
s eve re  mapping miss ion  requirements .  Some flights, par t icular ly  Flight 
5 18, required a t ighter attitude hold than was  encountered in the Apollo X 
study. The Apollo X power sys tem used 400-hour ce l l s  r a the r  than 1000- 
hour ce l l s ;  therefore ,  the number of fuel cel l  s tacks requi red  for  a given 
mis s ion  success  probability for  the 45-day miss ion  duration can be reduced 

A s  the study progressed ,  i t  became apparent that the NASA initial sub- 
In Configuration D, the use  of the sys t ems  philosophy required modification. 

external  device a s  a means  f o r  subsystem extension proved meaningless  o r  
undesirable ir? 5nm.e cases .  For example, if the volatile substance for  
p r e s s u r e  maintenance of the parachute compar tment  were  placed i n  the 
external  device (with some s o r t  of piping), an obviously undesirable com-  
plexity would resul t .  A s imi l a r  situation would exis t  with the addition of a 
redundant compresso r  ( in  the external device) for  the CSM environmental 
control sys tem unit and the result ing installation of piping between the two 
modules .  Hence, additional ground rules  regarding the Configuration D 
subsys tem modifications were  devised ear ly  in the study. 

8 
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Table 13. Apollo X Subsystem Changes 

Subsystem 

Comm/Data 

ELS 

EC S 

G & N  

Power 

Propulsion 

RC S 

sc s 

- ~~ 

Earth Orbit 

Low Inclination 
(45 days) 

Delete hi-gain 
’antenna and rendez- 
vous equipment. 

Add volatile 
material. 

Modify compressor. 
Add cabin fans. Add 
N system. 

Remove system 

2 

5 Fuel cells with 
in-space start. New 
cryogenic tanks 

Use small SPS tanks. 
One helium bottle 
only. 

No change 

Modify electronics 
for G & N capability. 

Polar 
(45 days) 

Delete hi-gain 
antenna and 
rendezvous 
equipment. 

Add volatile 
material. 

Modify compressor. 
Add cabin fans. 
Add N system. 

Use modified IMU 
& AGC 

2 

5 Fuel cells with 
in-space start. New 
cryogenic tanks 

Use 1/2-size SPS 
tanks, One helium 
bottle only 

Use LEM tanks 
(2  seu/quad). 

Modify electronics 
for horizon-scan 
system and 
redundancy. 

Lunar Orbit 

Low Inclination 
(20-Day Total) 

No change 

Add volatile 
material. 

N o  change 

Use modified IMU 
& AGC 

Add 1 set Block II 
cryogenic tanks 

No change 

N o  change 

No change 

Polar 
(34-Day Total) 

Delete rendezvous 
equipment. 

Add volatile material 
and heaters. 

Modify compressor. 
Add cabin fans and 
N system. 

Use modified M U  & 
AGC. 

2 

5 Fuel cells with 
in-space s t a r t  New 
cryogenic tanks 

No change 

Use LEM tanks 
(2 sets/quad) . 
Modify electronics for 
horizon-scan system 
and redundancy. 

The following additional ground ru l e s  have been utilized in the AES 
study: 

1. Environmental control sys tem (ECS) 

Additional suit  loop compresso r s  w i l l  be installed in  the CM. 
Suit system requirements  w i l l  be considered,  but no sui t  connec- 
tions a r e  required in  the external device. 

A l l  LiOH and food, except for  3 man-days,  wi l l  be s tored  i n  the 
external  device. 

- 6 3  - 
SID 6 5 - 5 0 0 -  1 



Spare  circulating fans  will be  s tored  in the CM. 

Al l  H2 and 0 2  in excess  of 14 days a r e  located in the ex terna l  
device. 

Laboratory and LEM contractors  will provide CM/external  device 
atmosphere exchange. 

No provisions shall  be made fo r  a tmosphere exchange when the 
CM/external  device interlock hatch is  closed. 
possible to maintain p r e s s u r e  fo r  e i ther  module. 

It should be 

Extravehicular act ivi t ies  w i l l  be  accomplished using the external  
device a s  an a i r  lock. The L E M  and lab  cont rac tors  w i l l  provide 
gaseous oxygen as  required f o r  shor t - t ime r e p r e s  surization. 

The external  device w i l l  provide for recharging the PLSS. 

2. E lec t r ica l  power system (EPS) 

Fuel  Cell changes include the addition of in-flight s t a r t  and 
1000-hour ce l l s .  
cel ls  with and without in-space s t a r t .  
employ 400-hour fuel cells  in  the SM and 1000-hour cell's in the 
external device. Configurations 1 and D .shall use  400-hour 
cel ls  with o r  without in-space s ta r t .  

Configuration C shall  use  1000-hour ( P & W )  
Configuration D shal l  

The cryogenic sys tem shall use  Block I1 tanks on Configuration 1 
and D '  and Apollo X type tanks on Configurations C and D. 

3.  Stabilization and control system (SCS) 

The G&N sys tem wi l l  be incorporated for  all flights whether 
required o r  not. 

A l l  subsystem changes and additions will be made in the CSM, 
including the s torage of spares .  

Course  alignment of the vehicle fo r  the experiments  will be 
accommodated by the G&N. If required,  the experiment  will 
provide fo r  fine alignment. 

4. Reaction control sys tem (RCS) 

The serv ice  module RCS will be utilized as  much a s  possible;  
se rv ice  module tankage changes will be allowed. 
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I 

The LEM, RCS, and SCS electronics  w i l l  be utilized in conjunction 
with the CSM SCS (also fo r  Configuration C). 

I 

Based on the preceding ground ru l e s  and philosophy, the subsystems 
studies established the required changes to the CSM subsystems and gener- 
ated pa rame t r i c  data concerning the subsystems required on the external 
device ( rack ,  LEM, o r  laboratory module). 
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COMMUMCATIONS AND DATA SYSTEM 

The communications and data subsystem analysis was based on four 
principal factors :  (1) types and rates  of information to be t ransmit ted,  (2) 
charac te r i s t ics ,  (3) ground network capability, and (4) spacecraft  equipment. 
Two areas were  investigated - ground network coverage and Gpacecraft 
equipment, 

GROUND NETWORK COVERAGE 

The NASA ground control philosophy a s s e r t s  that  coverage i s  required 
before,  during, and af ter  thrusting and once an orbit .  Since NASA specified 
the boost and recovery t ra jector ies ,  no assessment  of coverage was attempted 
for  these phases;  however, the requirement for  system checks during every  
orbi t  was considered. 

The ground coverage for  all altitudes and inclinations of the flights was 
computed. 
tables i l lustrate  the coverage for  VHF-AM (voice) stations and S-band 
(tracking, TV, te lemet ry ,  and command) stations. A typical s l ice  of the 
mission is presented with the f i r s t  orbi t  start ing a t  the latitude and longitude 
of Cape Kennedy. 
The philosophy he re  i s  to isolate in t ime the flight control data. F o r  example, 
on Orbit 5 in Table 14, Kauai would beused  for  flight control o r  system check. 
No experimental  data would be transmitted to this station on this par t icular  
orbit .  The remainder  of the stations providing coverage would be used for  
experimental  data and commands. 
(87. 8-degree inclination), there a r e  orbi ts  that provide no flight control 
capability-e. g. , Orbits 11 and 13). 

Two ext remes  of coverage a r e  shown in Tables 14 o r  15. These 

In addition, the stations for  flight control a r e  specified. 

It is a l so  noted that for polar orbits 

The coverage for  synchronous orbi ts  i s  provided by the deep space 
stations. These orbi ts  have continuous coverage, and flight c o n t r c l  data 
C C U ? ~ !  be separated by providing for i t s  t ransmiss ion  at par t icular  t imes  each 
day. 

0 
Table 16 i l lus t ra tes  ground coverage for  the Air Fo rce  flights. The 

AF stations mus t  be used because of the secure  nature of the experimental  
data,  the high data r a t e s  required for the l a rge  amount of experimental  data,  
and the incompatibility of the NASA ground stations. The AF si tes  will be 
used for  experimental  data  and command; NASA stations will be used for  
flight control. The t ime slice in  Table 16 starts at Cape Kennedy latitude 
and longitude. 
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Table 17. Communications /Data Capability::: 

N O R T H  A M E R I C A N  A V I A T I O N .  INC. St’t\.CE zxid iiu’FURMAl’lON S Y S T E M S  DIVISION 

I 

Table 17 summar izes  the coverage for both NASA and A F  stations in 
t e r m s  of the number of hours  per day available for  experimental  purposes.  
The experimental  integration analyses show that this coverage i s  m o r e  than 
adequate. 

SPACECRAFT EQUIPMENT 

The Block I1 and Apollo X communications/data sys tems a r e  quite 
s imi la r .  
4 hours  pe r  day (equivalent to 28. 5-degree inclination, 200-nautical-mile 
orbi t ) ,  the Block I1 equipment has a sufficiently high reliabil i ty for about 57 
days. 
to accommodate interconnections required by the external device. 

I t  was found in  the Apollo X study that,  even with the high usage of 

F o r  all configurations, there a r e  modifications to some black boxes 

0 

e 

~~ ~ 

~ ~~ 

S-band down 
1, 024 KBS FM/FM 

analog t rang- 
ing + voice 

S-band up 
1 KBS + voice 

1. 6 
(Secure) 

1. 3 
(Nonsecure) 

1. 6 
(Secure) 

1. 0 

(No nse c ure) 

‘Hours per day, experiment function only I 

AIR FORCE 

-I:- 
- 
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The Apollo system i s  designed to be compatible with the existing and 
planned NASA stations.  Data, tracking, command, and voice functions a r e  
t ransmit ted o r  received on S-band frequencies. 
VHF-AM voice equipment. 
KBPS o r  1.6 KBPS. 
miss ion  rate). 

The vehicle a l so  c a r r i e s  
Telemetry can be t ransmit ted at e i ther  51. 2 

Command data a r e  received at 1. 0 KBPS (ground t r ans -  

The power requirements of the communications equipment va ry  with 
altitudes. 
ing a power amplifier input power of 8 0  watts) is required in conjunction with 
the high gain antenna and a deep space station to  provide adequate margin.  
F o r  200 nautical-mile-altitude orbi ts ,  the power amplifier can be bypassed. 

F o r  synchronous orb i t s ,  the high power output of 20 watts ( require-  

NASA Flights 

F igure  9 i l lust rates  the communication and data system for all NASA 
flights. 
It i s  noted that the high gain antenna i s  used only for  the synchronous orbit  
flights. 

The basic  Apollo Block I1 system i s  on the left portion of the diagram. 

The external device requires  the use of a set  of standard equipment 
that t ranslates  experimental data into the proper  format  o r  receives  up data 
in the Apollo format  for decoding. Experimental  data a r e  either conditioned 
( to  0-5  volts) and s tores  in analog form for  l a t e r  t ransmiss ion  o r  routed. to 
the PCM telemetry for conversion to the proper  digital format  and then 
s tored  for  l a t e r  t ransmission.  Digital experimental data are formatted by 
the PCM unit and stored fo r  l a t e r  transmission. 
loop can be bypassed i f  real  t ime data t ransmission i s  desired.  The PCM 
and data s torage units in  the external device a r e  connected to the Apollo 
CSM premodulation processor .  

In addition, the s torage 

Up-data commands a r e  received via the CSM S-band equipment and a r e  
routed to both the CSM command decoder and the command decoder in the 
external  device. 
the f i r s t  15  hits - due to coding) identify the space vehicle address .  
commands for  the external device would use a different vehicle address  from 
that of the ZSM. 
would be sent to the experiments programmer .  

The f i r s t  three information bits in  the message  (actually, 
The 

Once the command data a r e  decoded, the information 

To allow the crew to communicate between the CM and the external 
device,  an audio center i s  included in  the external device and is  wired to the 
audio center  in CM. 
synchronization signals to the PCM unit, the data s torage equipment, and the 
command decoder of the external device. 

Finally, the CM central timing unit provides t ime 
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F o r  Configurations D and D1, a subsystems signal conditioner is 
included in the external device. 
external device, such as fuel cel ls ,  and also signals f rom the cryogenic s to r -  
age  sys tem,  and t ransmi ts  the data to the CM PCM unit. 
includedwith CSM system data and a re  t ransmit ted to the flight control 
ground station. 

It receives signals f rom subsystems in  the 

These data a r e  

F o r  Flights 219, 229, and 230, the LEM randezvous radar  i s  located 
on the external device. 
rendezvous transponder located on the external device. 

Flights 218 and 523 would have the Block I1 CSM 

A F  Flights 

The philosophy of data system design and operation for A i r  Fo rce  
experiment data recovery and command is  s imi l a r  in some respects  to that 
adopted for  NASA experiment data operations. System design ground rules  
were: 
acquired experiment data i s  required; (2)  ground network modifications a r e  
to be minimized by adoption of a data system current ly  in use o r  under 
consideration by the Air Fo rce ;  ( 3 )  some of the data ra tes  for A i r  Fo rce  
experiments a r e  very  high and beyond the capacity of conventional te lemet ry  
sys tems,  but the bulk of experiment telemetry requirements (perhaps 90-95 
percent is modest. 
of satisfying all but the extreme situations; these wi l l  be handled in an indi- 
vidual, special  equipment bases .  

0 

(1) a system providing real- t ime and stored-data t ransmission of 

A "standard" data system wi l l  be provided that i s  capable 

The space- ground link subsystem (SGLS) vehicle and ground equipment 
recently developed for AFSC-SSD by Space Technology Laboratories i s  
intended for application to all  SSD manned and unmanned programs,  and was 
selected,  with some modification, for  this program. 

While there  i s  a gross  s imilar i ty  between the NASA system and SGLS, 
differences in ra te  and format  preclude a simple interface between SGLS and 
the Apollo spacecraft  and ground data subsystems. The experiment da ta /  
communication subsystem for Air Force  ex_periments i s  entireiy separate  
f rom the spacecraft  subsystems,  with no functional interface and no connec- 8 tion except for  power.  

Figure 10 presents  ablock diagram of the A F  experiment data/  
communication subsystem. 
arid a t i m e r ,  the SGLS i s  used a s  i s .  
cal ls  for  rea l - t ime te lemetry during spacecraft-ground network access  a t  
4 kbps o r  256 kbps. 
4 kbps, 32 kbps, o r  256 kbps. As with the NASA experiment missions,  data 
f r o m  external device subsystems associated with the experiments w i l l  be 
subcommutated and entered in the Apollo te lemetry subsystem ra ther  than 
in that provided for  the experiments.  

Except fo r  the addition of data storage equipment 
The experiment data acquisition scheme 

F o r  playback at 256 kbps, data m a y  be recorded a t  
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F o r  the mos t  par t ,  the A i r  Fo rce  experiments do not impose rapid 
closed-loop data t ransfer  operations ~ a n d  a one-orbit period delay between 
receipt  of down link data and response with up data commands i s  acceptable. 
In a few c a s e s ,  where communications experiments a r e  scheduled to operate  
in  rea l  t ime,  m o r e  rapid response may be necessary.  
be accurately identified until a better picture of the A i r  Fo rce  ground net-  
work provisions i s  available, 

These cases  cannot 

NASA ground stations can accept SGLS data r a t e s  and formats ;  however,  
these data could only be recorded. 
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EARTH LANDING SYSTEM 

Previous analyses,  as reported in  SID 64-1860-20, showed that the 
p r e s s u r e  in the parachute Compartment would fall below Apollo specifications 
a f te r  fourteen days. 

An analysis was performed to determine the feasibility of sealing the 
recovery compartment to prevent outgassing of mater ia l s  and to control the 
minimum recovery compartment internal p re s  su re  to a level equivalent to 
Apollo. It became apparent,  however, that total sealing of the recovery 
system compartment was unfeasible f rom a s t ruc tura l  standpoint. 
ward heat shield, as presently designed, is s t ructural ly  limited to  a dif- 
ferential  burs t  p re s su re  of 2 psi. 
differential p r e s s u r e  level would require  complete s t ruc tura l  design. 
pa r t i a l  sealing of the recovery compartment above the level that presently 
exis ts  would require  a major  design effort. 
performed, it was conservatively estimated that the maximum leakage a r e a  
out of the recovery compartment is  22. 6 square inches, which is equivalent 
to 146 square  centimeters.  

The for - 

Therefore,  to consider sealing above this 
Even 

Based on the s t ruc tura l  analysis 

In ear th  orbi ts ,  the external ambient p re s su re  will be so  low that i t  can 
be considered to be zero  for  a l l  practical  purposes. Under these conditions, 
the internal pressure  of the compartment will be controlled by the leak rate  
out of the recovery compartment  and the vapor p r e s s u r e  a t  which the ma te r -  
ials inside the compartment w i l l  sublime. 
area and the estimated f r ee  air volume, it has  been calculated that the 
recovery compartment will be completely evacuated to the external ambient 
p r e s s u r e  in a very  shor t  t ime i f  outgassing is  not considered. 
i t  is necessary  to consider the outgassing phenomenom to maintain the 
compartment p r e s s u r e  level a t  a preselected value. 

Based on the existing leakage 

Therefore,  

The p r e s s u r e  level inside the compartment can be maintained a t  a 
predetermined level by permitting outgassing from mater ia l  coatings, lubri-  
cants ,  e tc . ,  o r  by the addition of a subliming o r  vaporizing substance whose 
vapor pressure  and outgassing character is t ics  a r e  determined by the temper-  
a ture  and ambient pressure .  
a g e  a r e a  of the compartment i s  known, and the vapor p re s su res  of different 
mater ia l s  a r e  relatively well established, the m a s s  flow required to maintain 
a des i red  p r e s s u r e  level for any sublimating mater ia l  over a specified t ime 
period can be calculated. It was found that by introducing approximately 10 

This is shown in Figure 11. Because the leak- 
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3 
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Figure 11. Parachute  Compartment P r e s s u r e  

pounds of polysiloxane, which is  one of the lubricants used in the recovery 
system compartment ,  a p r e s s u r e  level of 7. 5 x l o m 6  Tor r  could be main-  
tained for  a leakage a r e a  of 146 square  cent imeters  for  45 days. This p r e s -  
s u r e  level  is  equivalent to the vacuum level specified for the Apollo recovery 
compartment.  
recovery compartment  can  be maintained at  the 
the addition of a small  amount of a sublimating substance without any s t r u c -  
tu ra l  modifications required. 

Therefore,  i t  can  be concluded that the p re s su re  level of the 
T o r r  level  simply by 

Thermal  analyses were  a l so  performed to determine the tempera ture  
in  the parachute compartment.  
t empera tures  w e r e  measured  assuming values f o r  the outside, insulation, 
and parachute packing cover  mater ia ls .  F o r  the Apollo emiss iv i t ies ,  the 
tempera tures  a t  the parachutes ( T I ,  T2, T3, T4) a r e  below the Apollo 
specification tempera ture  of -65 F. 
the variation in these tempera tures  as  these emissivit ies and the t r a n s f e r  
coefficients a r e  varied. 
insulation, the parachute packing covers  and the outside coating, a sa t i s fac tory  
s e t  of t empera tures  can be obtained. 

Figure 12 i l lus t ra tes  the points a t  which the 

Table 18 summar izes  for  all  o rb i t s  

Line three  of the table shows that by changing the 
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TUNNEL 

A \----- PARACHUTE SURFACE CREW COMPARTMENT 

gure 12.  Thermal  Network for Ear th  Landing System Analysis Fi 

Table 18. Parachute  Compartment Temperatures-  All  Orbits 

Steady State Temperatures (F) 
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ENVIRONMENTAL CONTROL SYSTEM 

As specified by NASA, a single gas  0 2  atmosphere was used and the 

The studies of the environmental control system 
thermal  control system for the external device is independent of the thermal  
control loop of the CSM. 
were  divided between thermal  analyses and the ECS equipment. 

THERMAL ANALYSIS 

The purpose of the thermal  analysis studies was to  establish the 
vehicle heat balance and define thermal  loads so that the temperature  control 
sys tem could be properly designed. 
vehicle a r e  c lassed  as either external o r  internal. External  loads a r i s e  f rom 
di rec t  solar  energy, so la r  energy reflected f rom the Ear th ,  and d i rec t  
thermal  energy f rom the planetary body a s  a resul t  of i ts  surface tempera-  
t u re .  Internal heat loads consist  of metabolic heat f rom the crew and waste 
heat f rom a l l  power-consuming equipment, such a s  electronic gear  and 
electr ic  motors .  
command module and rack.  

0 
The thermal  loads acting on a space 

A separate  heat balance was determined for both the 

External  heat loads for each module were  determined (using a computer 
program)  for all the orbi t  low inclinations. The computer program yielded 
thermal  environments and temperature his tor ies  and gave the total net heat 
flow into o r  out of the module and the external and internal wall temperatures .  

Figure 13 shows the command module heat l o s s  a s  a function of t ime. 
It i s  seen that for a l l  orbits the heat loss  is  g rea te r  than about 850 Btu per  
hour.  
of the hot glycol can be routed through the cabin heat exchanger to w a r m  the 
cabin. 

This means that the SM radiators will not be overtaxed, and that some 

Similar analyses were  performed for the rack a.nd a re   show^ in 
F igure  14. The heat loss  f rom the air lock and the total  r ack  heat loss  a r e  
shown. AConfiguration D rack  is shown, since the radiated fuel ce l l  heat 
presents  the wors t  ca se  (the fuel cel ls ,  of course ,  have their  own thermal  
control  loop with radiators) .  N o  experimental o r  metabolic heat is included 
in these curves .  
coatings,  the total  rack heat loss  can be reduced to about 2000 Btu per hour 
(750  Btu per  hour for the airlock).  
mental  heat loads would reduce the heat loss  to ze ro  o r  a negative value. I t  
appears  that a thermal  loop using radiators  s imi la r  to  that of the CSM is 
adequate . 

e 
By varying the insulation ( K / x )  and the r ack  exter ior  

The addition of metabolic heat and experi-  
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ECS SPACECRAFT EQUIPMENT 

The ECS equipment required for the various configurations have slight 
differences.  
right is  the basic Apollo ECS. 
the LEM that involves a water  line and an 0 2  line for pressurizing the LEM. 

Figure 15 shows the equipment for Configuration 1. On the 
I t  is noted that Apollo has an interface with 

F o r  Configuration 1,  a retractable duct is installed in the CM tunnel 
a r e a  together with a blower to force a i r  f rom the CM into the external 
device. 
depressurizat ion valve and pressure  control lers .  
a compresso r  loop with a catalytic burner is  included. 

The rack contains a thermal  control loop and the air lock has  a 
To remove contaminants, 

To repressur ize  the airlock, high p res su re  0 2  is ca r r i ed .  The SM 
cryogenic tanks can supply about two repressurizat ions.  

To extend the ECS sys tem life to  the 30 o r  45 days required for con- 
figurations D ' ,  D ,  and C,  some components must  be spared o r  made 
redundant . 

Life extension analyses showed that some components, due to access i -  
bility problems,  could be added only a s  built-in redundancy while others 

F igure  15. Environmental Control System-Configuration 1 
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could be installed a s  spa res .  
water  check valve, water  tank pressure  relief valve, glycol evaporator water  
control valve, suit compression check valve, glycol temperature  control 
valve, and glycol control valve. 
required o r  the suit compressor  bearings would be redesigned to  achieve the 
des i red  operatine l ife.  
sensor  a r e  additional components added a s  spa res .  

The built-in redundancy i tems include the 

A redundant suit  compresso r  would be 

The cabin blower and the oxygen par t ia l  p re s su re  

Configuration D’ modifies the Configuration 1 sys tem by adding three 
cryogenic Block I1 0 2  tanks and a loop involving p res su re  reduction to 100 psi  
to the external  device. 
100 psi  is  required by the CM system to pressur ize  the water tank ( 2 0  psi)  
and the glycol reservoi r  and glycol evaporator (100 psi) .  
tion, the SM 0 2  supply is  used until it is exhausted (approximately 10-14 
days) ,  then the 0 2  in the external device is used for the remainder  of the 
m is s ion. 

The 100 psi 0 2  is  piped to the CM ECS system; 

F o r  this configura- 0 

The problems of storing cryogenics on the external  device for 10-14 
days,  together with the boiloff and venting problems, a r e  t reated in a la ter  
section. 
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CRYOGENIC STORAGE SYSTEM 

One of the principal factors present ly  limiting the Apollo mission 
duration is the capacity of the cryogenic s torage  sys tem.  
tank s ize  i s  adequate for a mission duration of 10 to  14 days by reducing 
e lec t r ica l  loads.  

The Apollo Block11 

The design,  fabr icat ion,  and testing of a cryogenic hydrogen o r  oxygen 
tank generally a r e  valid only for one s ize .  Any significant change resu l t s  in 
a ma jo r  redesign and t e s t  program, and in some c a s e s  requi res  new tooling. 
An Apollo extended mission requi res  a new tank design. 

Configuration 1 u s e s  the Apollo SM tankage without change resulting in 
a nominal mission of 14 days.  
by the addition of ba t t e r i e s  i n  the external device. Metabolic, leakage,  and 
repressur iza t ion  0 2  could be supplied by the high p r e s s u r e  gas  s torage 
sys tem.  

Additional power requi rements  can b e  met  

Apollo X tanks were  designed to achieve a mission duration of 
nominally 45 days.  Th i s  was achieved by increasing the tank s ize .  Table 19 
summar izes  the cha rac t e r i s t i c s  of these l a rge  tanks and compares  them with 
Block I1 tanks.  

Configuration C u s e s  the la rge  tanks installed in sec to r s  1 and 4 of the 
In Configuration D,  these tanks a r e  installed on the external  device 

Analyses revealed that  four HZ and three  0 2  

SM. 
only with Block I1 Tanks in the SM. 
multiples of Block I1 tanks.  
Block I1 tanks sufficed in the external device with a Block I1 SM. 
tion D and D'  p resent  cer ta in  problems. 
device a r e  not used fo r  the f i r s t  10-14 days.  
cause  an inc rease  in fluid volume and p r e s s u r e .  
re!ieved, t h e  t ~ ? t c  will riintiire. Therp fo re ,  this f11.1id mus t  be  used o r  the 
boiloff vented overboard.  The 0 2  tank problem can be  solved by using these 
tanks for repressur iza t ion  of the air lock o r  for  leakage o r  metabolic use .  
The H2 tanks a r e  used only f o r  the fuel cel ls  and r ep resen t  the wors t  boil- 
off and insulation problems.  
overboard vent sys tem.  
system i s  used only on the pad for loading and cooldown. 
then sealed shut before  boost. 
reliabil i ty reasons .  
and closes  many t imes .  
would be lost .  

ConfigurationD' r equ i r e s  the u s e  of 

Configura- 
The cryogenic tanks on the external 

Heat leaks  into these tanks 
Unless this i nc rease  i s  

-r--- 

Also consistent with Apollo design, t he re  i s  no 
The existing vent l ine in  the cryogenic s torage 

These valves a r e  
This philosophy was adopted by Apollo for  

Overboard venting would requi re  a valve that opens 
If this valve failed to  c lose  all cryogenic fluid 
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Table 19. Block 11 and Apollo Cryogenic Tanks 

Charac t e r  istic s 

Operating p r e s s u r e  (ps ia )  

Burs t  p r e s s u r e  (ps ia )  

Usable fluid ( lb  / tank) 

Total  fluid ( lb / tank)  

Number of tanks 

Heat leak (B tu /h r  

Dry  weight ( lb )  

Wet weight ( lb )  

P r e s s u r e  ves se l  

Size ( inches)  

Outer shel l  

Size ( inches)  

Block I1 
Hydrogen Oxygen 

2 50 900 

450 1530 

28 320 

29.12 326.4 

2 2 

8. 01 19.3 

(130 F) 

178.4 179.4 

236.64 832.2 

28. 3 25. 1 
Sphere Sphere 

31. 8 26 .  5 
Sphere Sphere 

Apollo X 
Hydrogen Oxygen 

2 50 900 

450 1530 

102.5 1198. 5 

104.5 1210.5 

2 2 

9 . 5  31. 0 

(150 F) 

343 50 5 

552 2926 

36.3 36.4 
d ia dia 
53.6 41. 7 
long long 

40.  3 40. 3 
dia dia 
57.7 45. 6 
long long 

To  solve this imbroglio for  configurations D and D ' ,  s eve ra l  solutions 
a r e  possible.  F i r s t ,  the ex terna l  device tanks could be off-loaded, allowing 
volume for  fluid expansion. 
fuel ce l l  purge valves.  

of a venting sys t em.  

Second, the fluid could be vented through the 
These  valves already exis t  but requi re  manual opera-  

tion. Third,  the -4pnlln phi lns~phy c~u!d h , ~  ~ * = d ; f i ~ d  to z!!~-;v.  t h e  iiista::aiioii 

F igure  16 i l lus t ra tes  the technique of off-loading the tanks. Only one 
Apollo X tank is shown, so  the sca le  would be consis tent  with that of four 
Block I1 H2 tanks for  Configuration D ' .  F o r  Apollo X tanks,  assuming a heat 
leak  of 9. 5 Btu /per  hour ,  off-loading to about 80 percent  yields no venting 
requirement  for  14 days .  If the SM tanks a r e  depleted in a shor te r  t ime,  
these tanks could be fur ther  loaded; for example,  to  90 percent  to  prevent 
venting for ten days .  The re fo re ,  the solution for  Configuration D is to  
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Figure 16. External  Device CSS-Configurations D and D '  

off-load the Apollo X H2 tanks on the external  device. 
figuration D'  show that f o r  any off-loading no g rea t e r  than 10 days before 
venting can  be obtained. 
specification heat leak and the actual heat leak being obtained by Apollo. 
However, with e i ther  heat leak, the off-loading technique does not solve the 
problem . 

The curves  for Con- 

The two curves  for the Block TI tanks i l lustrate  the 

Therefore ,  some s o r t  of venting system is required.  It is r ecom-  
mended that the fuel c e l l  purge valves be used to vent the fluid overboard.  
achieve the 30 days '  duration required for  Configuration T I ' ,  the t ime of 
depletion of the S M  C S S  must  be t reated as a var iable .  Figure 17 shows the 
v-issicm d ~ r a t i e n  as  a fur,ctizr: zf ini t ia l  tank f i l l .  
be reached if the tanks a r e  completely filled and the SM CSS can  l a s t  for 
14 days .  

T o  

It  is seeii tlidt 3G days can  e 
It mus t  be emphasized that the r e su l t s  of the analysis for  Configura- 

tion D '  a r e  marginal .  
tanks is uniform. 
f ans ;  however,  this would only increase the heat tank. 

I t  w a s  assured  that the temperature  of the fluid in the 
This could only be achieved by mixing the fluid via the 
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Figure  1 7 .  Cryogenic Storage-Configuration D '  

The use of the external  device fuel ce l l s  operating a t  the H2 boiloff 
ra te  is another solution. This ,  however, would require  more  fuel ce l l s  and 
higher weight for  the external  device. 
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POWER SYSTEM 

500 

0 

The power system analyses  considered the energy requirements  for 
each flight and determined the power sys tem for each configuration. This 
section t r e a t s  the power loads and energy requirements  by flight and then 
summar izes  the recommended power system for each configuration. 

- 

t 

The energy requirements  for the flights is summar ized  in Table 20. 
The housekeeping o r  vehicle loads a r e  separated f rom the experimental  loads.  
The experimental  loads were  determined by summing the power requi rements  
for  each experiment  multiplied by the number of t imes  the experiment  is 
performed. Such a n  approach is  conservative in that the use  t ime of some 
subsystems is duplicated. F o r  example,  two experiments  may requi re  the 
use of G&N. 
Table 20, however,  a s sume  that the experiments  a r e  performed independently 
of each other.  

0 
These could perhaps be scheduled together.  The resul ts  in 

One par t icular  flight, Flight 215, was scheduled and its power require-  

It i s  seen  that the "housekeeping" loads for this mis s ion  
ments  analyzed. The power load on the third day, as a typical example,  is 
shown in F igure  18. 
are essent ia l ly  constant at 1440 wa t t s .  
data t ransmiss ion ,  cryogenic s torage sys tem heaters, full use of all lights 

The var iable  housekeeping loads a r e  

----- 

/ f S S  ,DATA I I I 
2500 

2000 

EXPERIMENTS - ~ONTINUOUS I 
1 

r HOUSEKEEPING - CONTINUOUS 

Figure  18. Integrated Power Load Prof i le  - Flight 215, Day 3 
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Table 2 0 .  Energy Requirements Summary 

Flight 

209 

- 

507 

5 09 

215 

513 

211 

219 

22 1 

518 

229 

230 

A F - 1  

AF -2 

Ionfiguration 

1 

~ 

1 

1 

1 

1 

D'  

C 

D 

C 

D 

c 

D 

C 

D 

C 

D 

C 

D 

C 

D 

450 AMP-HR EA 

~ - 

'chicle 
Loads 
: kwh) 

524 

530 

535 

524 

530 

1102 

1512 

1555 

1518 

1561 

1518 

1561 

1512 

1555 

1512 

1555 

1512 

1555 

1512 

1555 

x per iin e n t 
Loads 
(kwh) 

164 

149 

106 

2 42 

198 

2 56 

9 66 

966 

492 

492 

748 

748 

891 

891 

856 

856 

499 

499 

3 Od 

3 08 
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679 

641 

766 

72s 

1358 

2478 

2521 

2010 

2053 

2266 

2309 

2403 

2446 

2968 

2411 

2011 

2054 

1820 

1863 

Vehicle 
Iapabilities 

(kwh) 

62 0 

62 0 

62 0 

62 0 

620 

1540 

2 440 

2638 

2440 

2450 

2440 

2450 

2440 

2450 

2440 

2450 

2440 

2450 

2440 

2450 

NOTES: (1) Need battery or extra EPS f u e l  in SM for return 
(2) Assumes Block I1 cryogenic system OK 
(3) 45 days obtained with high pressure loading 

of Hv tank 

Mission 
)uration Limit 

(days) 

12.3 

12. 8 

13. 5 

11.3 

li. 9 

30 

44. 0 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

Battery* for 
Full 

Mission 

6 

5 

2 

12 

9 

R e  marks 

ee Note (1' 

(4) Use rate depletes SM tanks in 
11. 3 days so rack H2 tanks loadel 
to 84 Ib  each without venting 
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and controls,  and minor ,  short-duration loads such a s  SPS engine firing, 
reaction jet valves,  t ransients ,  etc. The experiment loads have a continuous 
element and a variable element. 
efficiency) amounts to 400 watts. 

The continuous element (with distribution 

Computer analysis of the integrated experiments fo r  Flight 215 indi- 
cated that the charging of G & N ,  SCS, data processing,  displays,  e t c . ,  to 
each experiment individually, and providing for  the resulting total, resu l t s  
in a significant overdesign. By scheduling experiments so that these sub- 
systems a r e  providing for several  experiments at  once and by rejecting 
those experiments that cannot be scheduled on that run,  the energy require-  
ment  i s  reduced considerably. The experiment energy for  Flight 215, for  
example,  was initially estimated to be 242 kwh but was reduced to 174 kwh 
by the computer scheduling. 

Table 20 assumes  that the total energy available in the Block I1 tanks 
i s  620 kwh. 
sumed in accord with the Apollo profile. The energy available for  Configura- 
tions C and D i s  based on an average consumption rate  of 1850 watts and does 
not assume high p res su re  loading. 
215 showed that consuming power at this profile,  ra ther  than the Apollo 
profile, produced about 623 kwh, which is  not significantly different from 
the assumed 620 kwh. 

This i s  based on high p res su re  loading, and that power i s  con- 

Analysis of the power profiles for Flight 

Table 20 shows that supplementary power is required for  a l l  Configura- 
tion 1 fl ights,  o r  the flight duration must  be reduced. 
of 450 amp-hours  ( s imi la r  to those proposed in SID 65-226) required i s  a lso 
l isted.  Each bat tery weighs about 120 pounds. 
orbital ,  and the re turn  t ra jectory involves a six-hour coast period. 
the CM entry bat ter ies  must  be supplemented. 
marginal.  
i s  easi ly  made up. 

Thenumber of bat ter ies  

Flight 509 is  synchronous 

Flight 219 C energy i s  a lso 
Therefore ,  

If high p res su re  loading i s  used, the 38 kwh deficit for this flight 

Figure 18 also shows that the typical power loads vary  between 1400 
and 2100 watts. Therefore,  
for Configurations C and D, when the SM power supply i s  operating, and for  
Coril'igurations 21 and E!, when the external device power system i s  operating, 
only two fuel cells  operating at one t ime a r e  required for mission success .  

The power load ran be handled by two fuel cells .  

The Block I1 power system uses three  fuel cel ls  that  operate continuously 
from countdown. 
SM operating continuously o r  to the depletion of cryogenic H2. 
configuration i s  shown in Figure 19. 

Therefore ,  Configuration 1 uses  the three fuel cells  in the 
This 
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Power  i s  supplied to the external device via two umbilicals. The dc 
umbilical is already in the CM to supply power to the LEM. 
has  been added. 
bat ter ies  for  power makeup a r e  also i l lustrated.  In addition, secondary 
bat ter ies  for  peak loads a r e  included. 

An ac  umbilical 
The The external device will have dc and ac busses .  

Configuration C uses  fuel cells i n  the SM for the total mission.  
ability analyses showed that four 1 ,  000-hour fuel cell stacks a r e  required. 
Two of these operate f rom countdown. 
a r e  s tar ted.  
F o r  this purpose,  secondary batteries a r e  included. 

Reli- 

As these fail, the other two fuel cel ls  
In-space s t a r t  i s  required for these two fuel cel ls  a s  well. 

F igure  20 shows the changes to the SM. The Configuration C external 
device power system deletes the pr imary  bat ter ies  for  power makeup (shown 
in configuration 10 but retains the peak load ba t te r ies .  0 

Configurations D and D' a r e  s imi la r  to Configuration 1 for  the first 10 

After this period, the fuel cel ls  on the external device a r e  
to 14 days of the mission;  that i s ,  the three fuel cel ls  in  the SM operate f rom 
countdown. 
started.  
Configuration D, three 400-hour cells on the external device a r e  required for  
Configuration D' . 

Three  1,000-hour cells on the external device a r e  required for 

The Configuration D system i s  shown in .F igure  21. The power system 
to extend the mission duration, including fuel cel ls ,  cryogenic system and 
in-space s t a r t  bat ter ies  s imi la r  to Configuration C,  is in the external device. 
The a c  and dc busses  and the umbilicals a r e  the same as Configuration 1. 
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GUIDANCE AND CONTROL 

The capability of the guidance and control sys t em to per form the NASA 
and A F  fl ights was evaluated. 
requi rements  for  lunar  polar orbi t  mapping. 
hold to  an accuracy  of f 0. 5 " ,  f 0.02" / s e c  for  approximately 82  hours .  
the AES flights,  some miss ions ,  par t icular ly  Flight 518, requi re  local ver t i -  
cal  hold to an accuracy  of f 0.  l o ,  * O.Ol" /sec ;  such a deadband can only be  

The previous Apollo X study had established 

In 
These demanded a local ver t ical  

attained with a modification to, G&N sys tem.  

Table 21 shows the control  capability of the Apollo Block I1 and Apollo X 
0 

guidance and control systems.  
that achievable with AES configurations is shown. 
iner t ias  resu l t s  in a dec rease  in  the minimum impulse. 
capability is not changed because such a change would involve a modification 
to the electronics.  

F o r  Block 11, the specification capability and 
Of cour se ,  the change i n  

The attitude hold 

Table 2 1. Control Capability 

Mode 

G&N attitude hold 

Minimum impulse 

SCS attitude hold 

GRN Inca! ver t ical  

SCS local ver t ica l  

G & N  manual maneuver 

SCS manual maneuvers  

Block 11 

Spec ificati on 

* o .  5"  
rt 0.05"/Sec 

0.  04"/Sec 

0 . 2 "  
k 0 .2" /Sec  

* o .  5" 
* 0. 05 " /Sec 

* 0 .  5 " /Sec 

To* 5"/Sec 
o r  f 0 . 5  

AES 

I O .  5 "  
: 0.  05"/Sec 

0. 02"/Sec 

Apollo X 

AES 

f 0. 5 "  
f 0.  OS"/Sec 

0. 02"/Sec 

f 0 . 5 "  
f 0. 65" ' -  I >ec 

* 0 . 5 "  
f 0. 02"/Sec 

AES- Mod 

t o .  1" 
t 0. 0 1  " /Sec 

0.  02"/Sec 

t o .  2 "  
k 0 .  2"ISec 

k0.1" 
kto. O1"/Sec 

to. 5"  
k 0 .  OZ"/Sec 

k0. 5"Sec 

To f5" /Sec  
o r f  0. 5 
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Column 3 of the table shows the capability of the Apollo X sys tem,  
local ver t ical  hold capability was added to the  SCS by adding horizon scanners  
and modifying the SCS electronics.  
G&N electronics  can  be modified to  obtain the deadband shown in column four. 

A 

To achieve the AES requirements ,  the 

F igure  22 summar izes  the reliability of the G&C sys tem for each AES 
flight. 
Block 11 systeni. 
G&N. 
in Block I1 can only be  performed by the G&N. A simple modification to  the 
SCS, the reintroduction of the Block I local ver t ica l  black box, could satisfy 

Theconfigurat ion 1 Flights 209 and 507-209 a r e  res t r ic ted  to the 
Flight 507 presents  the grea tes t  reliability problem for  

This is due to the requirements  for f 35" local ver t ical  hold, which 

this requirement  and not resul t  in any significant reduction in SCS reliability. 

For  Configurations C and D flights, the reliabil i t ies a r e  for  the sys t ems  0 
designed for  Apollo X. 
system. 
redundancy. 

The AES program requi res  m o r e  use of the G&C 
The reliability of the G & C  can be improved by more  sparing and 

1 .oo 

0.98 

0.96 

0.94 

0.92 
2 
p 0.x 

- 
2 - 
m 

2 w 
ei 

0.8E 

C.8C 

0.81 

0.8: 

0.8( 
209 I 211 I T T 221 I 516 I 518 1 521 I 523 I 229 r 230 \F-1 L 

- l - i  i T  NUMBER 1 

Figure 2 2 .  C & C  Reliability 
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REACTION CONTROL SYSTEM 

The react ion control system analyses  considered the propellant require  - 
ments  and engine s t a r t s  for the various flights and the use of an RCS sys t em 
on the external  device.  

Configurations 1 and D '  were  r e s t r i c t ed  to  the use of the Block 11 p ro -  
pellant capacity;  Configurations C and D could obtain a l a r g e r  propellant 
capacity by use of LEM tankage in the SM.  

F igure  23 shows the propellant used for each flight. Table 2 2  l i s t s  the 
exceptions to the experiments schedule because of tankage capacity.  Exper i -  
ments  0101-0102 requi re  the rotation a t  various r a t e s  of the spacecraf t  about 
the Y and Z axes .  A s  such, these a r e  large propellant consumers .  The 
ta rge ts  of opportunity require  rotation about the X axis  to sight ground o r  
space t a rge t s .  
Table 23. 

0 

The propellant required for such maneuvers  is l isted in 

3002 

2500 

0 ASCENT 
D EXPERIMENTS 

PRE-ENTRY 
C CONFIGURATION C 
D CONFIGURATION D 

- 2000 

2 

z 
5 IUW 

4 

v, 
D 

3 
Z 

- 1500 

(3 

I- 
1 
- 

. ̂^ ^  

-1 
w LL 

500 

0 

FLIGHT NUMBER 

Figure  23.  RCS Propel lant  Requirements  
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Table 22. Experiment  Modifications -RCS Propellant 

0101 - 0102 
Rotation Flight 

Number 
5 e que nc e 
9vailable 

r a rge t s  of 
lppor tunity 3equired C omment s 

N o  changes necessa ry  209 
~ 

6 6 

84 211 

507 

509 

215 

~ 

~~ 

-~ 

12 

40 6 

23 

10 

~ 

4 

6 0 Artif ic ia l  g tes t  - 0.  18g a t  
50 f t  ( 3 . 3  r p m )  
__ -~ 

0 513 6 

19 

-~ - 
196 

80 219C 15  

219D 
-~ 

19 12 80 

N o  changes necessa ry  

N o  changes necessa ry  

Run 0802B 213 times (scheduled 
as  270) 

Run 0802B 154 t imes  (scheduled 
as 270) 

- 

~ 

~~ - 

__ 

221D 

518C 

518D 19 0 

19 15  229C 24 

24 19  229D 12 

18 19 13  230C 

230D 19 12 

AF-1  N o  changes necessa ry  

N o  changes necessary  

- 

A F  -2 
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Table 2 3 .  Propellant Consumption for Spin-up and Targe ts  of Opportunity 
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F o r  Flight 215, only 5 of the 12  required operations for  experiments 

All other  experi-  
0101-0102 can  be performed. 
opportunity could not change this situation on this flight. 
mental  objectives were  accomplished. 
experiments are required,  except for  Flight 209, the number of available 
operations is l e s s  than required. Flight 518 did not have sufficient propellant 
to per form experiments 0802B (Radiometrics and inf ra red  Ear th  mapping) 
the required number of times. Finally, on Flight 215 the checkout of the 
art if icial-g experiment had only enough propellant to accomplish 0. 18 g. 

The propellant used by the 84 targets  of 

For  all flights where 0101 -0102 

Figure 24 summar izes  the jet s ta r t s  for each flight. The only flight 
that exceeds the Apollo specification is 518. 
requirements  of * O .  1. 

This is due to the tight deadband 
Although this flight exceeds the specification, several  0 flights a r e  a s  large as 7500 starts, 

As indicated in the previous discussion, the quantities of RCS propellant 
l imit  the permissible  experiment cycles. A way to alleviate the available 
RCS propellant res t r ic t ion is to put an RCS sys tem on the external device. 
One approach would make this sys tem independent of the CM-SCS and G&N. 
In such a case ,  some form of guidance and control i s  required in the external 
device. In addition, an instrumentation and control/display panel s imi la r  to 
that in the CSM i s  a l so  required. The combination of these would involve a 
weight penalty of 200-500 pounds in addition to the RCS sys tem weight. 

30,000 

BLOCK I I SPECIFICATION LIFE 

- -  - / ----- r 

25,000 

20,000 

v) 15,000 

O CONFIGURATION C = CONFIGURATION D 
ASCENT AND PRE-REENTRY 

5,000 

0 
5 

I 
- 

FLEHT NUMBER 

Figure 24. RCS J e t  S ta r t s  
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The other approach is to permit  the external device RCS to be operated 
from the CM. This would require  considerable interfaces.  The Master  
Caution indicators on the CM control panel provide visual indication of a 
malfunction o r  impending malfunction. 
modified without major  alterations,  Space is not available on the panel for  
the required additional displays. An additional panel must  be installed in  the 
CM. 

The present  SM RCS panel cannot be 

To operate the LEM RCS through the CSM SCS logic, the docking 
mechanism must  be modified to permit  rotating the LEM 45 degrees.  The 
rotation provides alignment of the LEM RCS and SM RCS along the Y and Z 
axes. The LEM RCS solenoid valve e lec t r ica l  harness  must  be routed 
through the tunnel and interfaced with the SM RCS/SCS logic o r ,  alternatively, 
provide an additional black box in the external device to convert  the signal 
logic to a form suitable for the external device RCS Configuration. 
require  a new hardware i tem but w i l l  eliminate the other modifications. 

0 
This will 
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SERVICE PROPULSION SYSTEM 

The service propulsion system requirements a r e  dictated by the boost 
and deorbit requirements and the experiment requirements .  
ru les  specified the use of the Block I1 system on Configurations 1 ,  D ,  and D! .  
In Configuration C ,  the propellant tanks could be changed. F o r  all configura- 
t ions,  mission durations in excess  of 14 days require  design proof testing 
of the main engine to verify analytic resul ts .  

The ground 

Figure  25 shows the propellant requirements for the flights. The 
experimental  requirements ,  except for  Flight 5 13, a r e  for  Experiment 0 102 ,  
which requires  a l inear  acceleration. 
main  engine for  1 0  seconds. 
pellant. 
the velocity reac tor  and alternating from *90 degrees .  
propellant for  rendezvous with Echo 11. 

0 
This i s  accomplished by firing the 

Each operation consumes 7 0 0  pounds of p r o -  
This experiment i s  performed by firing the engine 90 degrees  to 

Flight 513 c a r r i e s  

= DEORBIT 

0 ASCENT 
m EXPERIMENTS 

* SPS ENGINE QUALIFICATION FOR 50 STARTS 

A A 

NGINE STARTS* 

- 

FLIGHT NUMBER 

Figure 25. SPS Propellant Requirements 
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Figure  25 also shows that except for Flights 509, 516, and 521, the 
Previous Apollo X studies recommended Block I1 tanks a r e  not required.  

tanks that c a r r y  7500 pounds of propellant. 
ments  have increased ,  these a r e  marginally adequate. It is recommended 
that tanks of 10,000-pound capacity be  used on Configuration C. Based on 
the ground ru les ,  Configurations 1 ,  D,  and D '  mus t  use Block I1 tanks. 

Because the experiment requi re -  
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SUBSYSTEMS INSTRUMENTATION 

Attendant to  the addition of subsystems such as fuel ce l l s ,  cryogenics,  
ECS hardware ,  e t c . ,  to  the external devices in  Configurations D and D' i s  
the problem of monitoring and control, 
of this  monitoring and control i n  the CM o r  in  the external device. 
instrumentation is i n  the CM, a large number of wi res  in  seve ra l  umbilicals 
is  required,  along with major  modification to  the CM display panel. There-  
f o r e ,  consistent with the des i r e  for  minimum modification, the displays and 
controls a r e  located in  the external device. Some m a s t e r  caution and 
warning indicators  a r e  still required in  the CM. 

Table 24 compares  the installation 
If the 

0 

Table 24. Subsystem Instrumentation-External Device 

Monitor 
II m b ili c a1 

Configuration D 

Configuration D ' 

Control 
Umbilical 

Power  
distribution 
um bili  c a1 

~ ~~- 

Other 

Monitor and Control 
i n  CM 

80-22 GA (twisted-shielded 

12-22 GA (shielded bundle) 
pa i r s )  

92-22 GA (twisted-shielded 

12-22 GA (shielded bundle) 

36-22 GA wires  
23-20 GA wires  

pa i r s )  

~~~~ ~~ 

32-12 GA wires  
8 -16  GA wires  

Major modification to CM 
control and display panel 

Monitor and Contro. 
in  External  Device 

6-22 GA wires  
(shielded bundle) 

None 

32- 12 GA wires  
8-16 GA wires  

New 
panel 
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Figure 26 shows the control panel that mus t  be installed in the external 
device f o r  Configurations D and D'.  
start of fuel ce l l s ,  the controls for these a r e  shown as an  al ternate;  the 
displays for  a catalytic reactor  in-space s t a r t  system a r e  a lso shown. 

Since batteries were  used for  in-space 

Since Configurations 1 and C do not require  fuel cel ls  and cryogenics 
in the external device, the control panel requirements  can be reduced to 
that shown in Figure 27 but redesigned fo r  optimum layout. 

- 110 - 
SID 65-500-1  



N O R T H  A M E R I C A N  A V ! A T ! O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

\W/ 
W 

- 111 - 
SID 65-500-1 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORM.4TION S Y S T E M S  D I v l ~ i s ~  

r 
I 
I 
I 
I 
I 
I 
I 
I 

i ,r I 
I : - 1  @I2 I 

I I 
1 I 

I ::-!A L I 

- 1 1 2  - 
SID 65-500-1 -f3u&wa 



UMBILICALS 

As a resul t  of the subsystems analysis ,  the CM/external  device inter-  
f aces  were  defined. 
requi re  interfaces with the external device 

These a r e  summarized in F igure  28. All  configurations 

The SCS interface consists of the extension of one of the CM rotational 
controller cables so that it can be ca r r i ed  into the external device. A crew- 
m a n  in the external device can then directly control the vehicle attitude. 

The power system interface consists of an ac  and dc umbilical to 
connect the CM ac  and dc busses with s imi la r  busses  in the external device. 
In addition, monitoring and warning for  the power system interface wi l l  be 
placed on the righthand control panel. 

The ECS interface consists of the installation of re t ractable  duct and 
blower to provide atmosphere circulation between the CM and the external 
device. 

EXTERNAL DEVICE SUBSYSTEM DATA 
(CONFIGURATION D' ONLY) EXPERIMENT TM TO PMP 

INTERCOM TO AUDIO CENTER DATA TO C O M M  DECODER 

AC POWER TO ELECTRICAL 
POWER PANEL AIR RECIRCULATION DUCT A 

BLOWER (DUCT REMOVABLE) 

100 PSI 0 2  LINE 
(CONFIGURATION D' ONLY) 

MONITORING 4ND WARt 
TO RH CIRCUIT BREAKER 

TV CAMERA CABLE 
ROTATIONAL CONTROLLER CABLE 

Figure  28. External Device/CM Interfaces 

. I1 N G  
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The communications /data  system interfaces involve the t ransmiss ion  of 
experimental  data to the premodulation processor ,  interconnection of the 
CM and external device audio centers ,  and the t ransmiss ion  of up-data 
commands f rom the CM S-band equipment to the command decoder in the 
external device. In addition, provisions a r e  made to extend the T V  cable s o  
that it can be ca r r i ed  into the external device. 

Configurations D and D '  require the following additional i tems:  
0 2  line to supply oxygen from the external device Lo the CM ECS; use of the 
existing HzO l ine,  and the addition of wiring to the CM PCM telemetry unit 
to c a r r y  subsystem status data. 

1 0 0  ps i  

Configuration C requires  additionally only the extension of the 0 existing 0 2  line fo r  repressurizing the external device. 
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CONCLUSIONS 

Tables 25 and 26 summarize the changes required f o r  each subsystem 
f o r  each configuration. The f i rs t  table summar izes  changes for  subsystems 
in the command and service module. The second table summar izes  the sub- 
systems for  the external device. 

CONFIGURATION 1 

The subsystems in the C S M  a r e  Block I1 Systems except for communi- 
cations, environmental control system, and the power system. The commu- 
nication and data system requires modification to the premodulation processor ,  
the audio center ,  and the S-band t ransce iver  to accommodate wires  for  
t ransmission and reception of data to and from the external device. In 
addition, the high gain antenna would be ca r r i ed  only in synchronous orbi t  
flights and the rendezvous transponder would be ca r r i ed  only in rendezvous 
flights. The environmental control system requires  the addition of a r e t r ac t -  
able duct and a blower. 

The external device requires a power distribution system that would 
include ac and dc busses  and, in addition, bat ter ies  would be added f o r  power 
make-up and to handle peak loads. 
a thermal  control loop, a contaminant control loop, and a repressurizat ion 
and depressurizat ion system. The power system in the command module 
must  accommodate an ac  umbilical f rom the ac bus. The communication 
sys tem in the external device requires an audio center and a data management 
system to format  and condition the experimental  data. 

The ECS in the external device requires  

C ONFIGURATION D ’  

This configuration contains subsystems in the CSM identical to those 
of Configuration 1 except for  the communication and data system, the ear th  
landing s y s t e ~ .  , ar,d t h e  efivii-oiirnentai controi system. The communication 
and data system requi res ,  in addition to the modifications for  Configuration 
I ,  modification to the PCM telemetry unit so that i t  can accept external 
device subsystem data. 
volatile mater ia l  to the parachute compartment and modifications to the 
insulation and external coating of the parachute compartment.  The environ- 
mental  control system must  have the same modifications a s  in Configuration 
1 and, in addition, the compressor ,  cabin fan, and other i tems must  be made 
redundant. In addition, a 100 psi 02 line that brings oxygen from the external 
device i s  interfaced with the command module system. 

The ea r th  landing sys tem requires  the addition of 
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Table 25. CSM Subsystem Change Summary 

- 

Subsystem 

Configuration 

C 1 D' D 

Same as D' 

~~ 

Same as D Coinm/data Block I1 with wiring 
interface, delete 
high-gain and 
rendezvous 
transponder 

Same as 1, plus 
interface 
wiring for 
subsystems 
data 

Block I1 

~ 

Add volatile 
material 

j a m e  as D' Same as D ELS 

- 

EC S Add blower and 
duct 

Same as D' plus 
modified compressor 
and cabin fans 

Same as D less 
100-psi 0 2  

S a m e  as 1 plus 
modified 
Block I1 unit 
with spare 
compressor and 
cabin fans plus 
100-psi O2 l ine 

Same as 1 Modify IMU, AGC, 
and ECDU's 

Same as D G& N Block I1 

Power Block 11 plus 
wiring interface 

Same as 1 Same as 1 Four 1000-hour 
cells plus wiring 
interface 

S a m e  as 1 S a m e  as 1 Four new cryogenic 
tanks 

Cryogenic storage Block LI 

Same as 1 Same as 1 Tank size varies 
per mission 
requirements 

Block I1 Propulsion 

S a m e  as D RCS (SM) Block I1 Same as 1 Use LEM tanks 
(2 sets/quad) 

__ 

Same as 1 Block II Modify electronics, 
add horizon sensors, 
add redundant units 

scs Same as D 
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Table 2 6 .  External Device Subsystem Summary 

- 

Su bsy stern 

Comm/data  

ELS 

EC S 

G& N 

Power 

Cryogenic storage 

- ~- 

Propulsion 

RCS 

scs 

1 

Add audio CTR and 
data management 
system 

T her in a 1 co ntr 01 
loop and repression 
system 

~ ~. . 

Battery for make- 
up and peaks, plus 
power distribution 
system 

None 

Configuration 

D‘ 
~~ - 

Same as 1, plus 
signal con- 
ditioner for 
subsystems data 

Same as 1 

- 

Power distri- 
bution system 
plus battery for 
peaks plus 
three 400-hour 
fuel cells plus 
cooling loop 

7 Block I1 tanks 

D C 

Same as D’ Same as I 

Thermal control 
loop 

Same as D 

I - 

Power distribution 
system plus battery 
for peaks plus three 
1000-hour cells plus 
cooling loop 

~ ~ 

Power distribution 
system plus battery 
for peaks 

The subsystems on the external device a r e  the same a s  in the Configur- 
ation 1 except for  the cryogenics system. The communication system on the 
external  device requires  a signal conditioning unit to condition the subsystem 
data f rom the external device subsystems. 
s imi la r  to that of Configuration 1 is required,  as a r e  bat ter ies  to  handle peak 
loads.  
required.  
seven Block 11 tanks must  be installed in the external device. 

A power distribution system 

Three  400-hour fuel cells  and a cooling loop including radiators  a r e  
To supply reactant to the power system and oxygen for  the crew,  
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CONFIGURATION D 

The changes to the command module subsystems a r e  the same a s  those 
for  Configuration D '  o r  1, except for  the environmental control sys tem,  the 
guidance and navigation system, the service module RCS, and the SCS. In 
the enrironmental  control system, the compressor  bearings and cabin fan 
bearings a r e  modified to accommodate the longer mission life and some 
small  components a r e  made redundant. 
requires  modification to the inertial  measurement  unit, the guidance computer ,  
and the coupling display unit to allow some portions of this to be turned off 
when not in use; the system also requires  modifications to accomplish the 
mission requirements  such a s  stringent attitude hold o r  local vertical  hold 
for  long periods. The reaction control system in the service module uses  
LEM tankage (two sets  pe r  quad) to accomplish the experimental  requi re -  
ments .  
and modification to some electronic units s o  that they can accept the horizon 
sensor  outputs. 
h ol d c a p ab  i li t y . 

The guidance and navigation system 

The SCS requires  redundancies and the addition of horizon senso r s  

The addition of the horizon sensors  provides a local  ver t ical  

The subsystems in the external device a r e  the same a s  for Configuration 
D '  except for  ECS, power, and cryogenic s torage systems.  The ECS requires  
only a thermal  control loop and no repressurizat ion sys tem,  since this i s  
provided by the cryogenic storage system. The power system requires  the 
power distribution system and bat ter ies ,  a s  in Configuration D'. However, 
th ree  1000-hour fuel cel ls  a r e  ca r r i ed ,  plus a cooling loop including radiator .  
The Apollo X type tanks a r e  car r ied  for the cryogenic storage system; hence,  
fewer tanks a r e  required. 

CONFIGURATION C 

The subsystems in the command and service module a r e  the same a s  
those for Configuration D except for  the ECS, power, cryogenic systems 
and the propulsion system. 
that the 100-psi oxygen line i s  deleted because no cryogenics a r e  ca r r i ed  in 
the external  device. Otherwise,  it  incorporates the same modifications a s  
were  required fo r  Configuration D. The power system u s e s  fn1j-r InQG-hnur  
fuel cells  and must  accommodate the same wiring interface a s  in 
Configuration 1. 
c r ew,  Apollo X type tanks a r e  ca r r i ed  in Sector 1 and 4 of the SM. The 
propulsion system uses  smal le r  tank sizes than Block IL and it appears  that 
tanks of 10 ,  000-pound capacity total will suffice for all missions except 
those for  which Block I1 tanks a r e  required. 
device a r e  the same a s  in Configuration D except for  the deletion of the fuel 
cel ls  and cooling loop in the power system, deletion of cryogenic tankage, 
and the deletion of the signal conditioning unit for  subsystem data. 

The ECS i s  the same a s  in Configuration D except 

To supply reactant for the fuel cells  and oxygen for  the 

The subsystems in the external 
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DEVELOPMENT PLANNING 

This  section summar izes  the resu l t s  of the development planning 
studies presented i n  Volume 5 , which include the resu l t s  of identifying, 
programming,  and costing - the AES program requirements  for spacecraf t ,  
experiment modules,  and subsystems. Functional a r e a s  have been analyzed 
in  detai l  to  identify requi rements ,  planning fac tors ,  and t ime-span p r e -  
requis i tes  pertinent to developing a logical, evolutionary program plan that 
wil l  achieve the goal of Earth-orbi ta l  mission launches consistent with NASA 
A E S  program objectives in consonance with Launch Planning Schedule 
AE 65-1. 

Functional a r e a  analyses performed in this  study include engineering 
design and development; development and qualification testing; fabrication, 
sys tems installation, and checkout; p re  -launch and launch operations;  and 
ground support equipment, transportation, facil i t ies,  and logistics.  

APPROACH 

The init ial  development planning ground ru les  applied during the study 
w e r e  augmented and modified by both o ra l  and wri t ten guidance from NASA 
a s  the study progressed .  
follows : 

The final ground ru les  and guidelines a r e  a s  

1. The AES program will  not in te r fe re  with the Apollo lunar landing 
program.  

2 .  The Apollo Block II program,  a s  identified i n  Apollo Master  
Development Schedule No. 8, Revision 3 (Figure 29) and the Apollo 
program exe rc i se  f o r  a CSM production rate  of eight per  yea r  
--"-A aft,=? SC 1 1 2 ,  -,vi!! be used a s  the baseiine in determining the del ta  
requirements  and costs  occasioned by the AES program.  

3 .  Launch dates  and booster availabil i t ies for A E S  miss ions  will  be 
a s  identified by NASA Schedule AE-65-1, "1966-71 Saturn Launches 
f o r  Planning Purposes ,  11 Februa ry  1965 (F igure  30). 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SI'.AC'E and INFORhl4T1ON hlh I r , R l h  ~ 1 ,  isiuN 

4. Four  spacecraf t  configurations (1, C ,  D, and D ' )  wil l  be studied 
for  accomplishing AES missions.  Development planning, however, 
will  exclude the C configuration, since i t  was accomplished in  the 
previous Extended Apollo Systems Utilization Study. 

5. Accomplishment of ea r ly  AES miss ions  per  NASA Schedule A E  65-1 
will be accomplished by diverting five spacecraf t  f rom the Block II 
Apollo program af ter  delivery to  KSC and modifying them as 
required for the 14-day and 30-day miss ions .  
af ter  SC 11 2 will  be accomplished with Block IIA spacecraf t  - 
i .  e .  , Block I1 spacecraf t  into which s t ruc tura l  and subsystem 
s c a r s  have been provided so as to permi t  modification into AES 
miss ion  configurations at a late stage in assembly.  
be a Block I1 follow-on program , with an in-line block change 
effective on SC 113. 

A l l  AES miss ions  

Block IIA will 

6. Delta cos ts  over Block I1 Apollo w i l l  be identified for Configurations 
1, D and D '  and broken out by: 

(a)  Phase  (design and development, production, and operations) 
(b) Configuration (Block I1 modification, Block IIA, pallet ,  and 

( c )  Requirement (life-extension o r  experiment-pecul iar)  
( d )  Subsystems (to include s t ruc tures ,  G&N subsystem, space 

experiments appendage) 

spacecraft-LEM adapter,  and GSE). 

Faci l i t ies  cos ts  will be identified separately.  Costs will be based 
on 1965 dol la rs ,  fee excluded, using cu r ren t  overhead r a t e s ,  and 
with G & A  spread over the total p rogram.  Nonrecurr ing costs  for 
an accelerated production rate of 14 spacecraf t  pe r  year  will be 
established in  a separate ,  rough-order-of-magnitude study. 

7 .  Development planning and costing for the de sign, development, 
and qualification of experiments packages wi l l  be performed under 
a separate  NASA contract to the International Business Machines 
Corp .  S&ID's  development planning for experiments  wiii b e  con- 
fined to installation, integration, and integrated checkout of G F E  
experiments  in the pallet or  experiments  appendage for  15 AES 
Earth-orbi ta l  flights. 

8 .  S&ID development planning w i l l  exclude support requirements  for 
flight operations ( e .  g. , MSCC modifications, mission control and 
recovery,  e t c ) .  Normal  contractor support ,  however (e .  g .  , in 
pre-launch checkout), w i l l  be included. 
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The above N A S A  d i rec t ives ,  guidelines, and ground ru l e s  provided the 
point of depar ture  for the A E S  development planning study. 

Because of the abbreviated time allowed f o r  completion of the A E S  
study, the usua l  se r ia l ly  phased sequencing that i s  normally employed had to 
be per formed i n  para l le l  with the technical analyses .  
initiated in all functional a r e a s  before the experiments  prof i les  had been 
established, the subsystem requirements  to  support them identified, o r  the 
vehicle configurations defined. Accordingly, a number of additional NAA- 
established assumptions were  required,  both at  the outset  and throughout the 
study, whenever i t  was found that interface o r  input information for fur ther  
planning was yet undeveloped. 
and ground ru les  were  a s  follows: 

Planning effort %-as 

The more  influential of these assumptions 

1. 

2 .  

3. 

4. 

5. 

6 .  

7 .  

8 .  

Go-ahead for Phase  D will be 1 May 1966, preceded by a nine- 
month Phase  B and C effort, during which mock-ups will be 
de signed and fabricated,  and a design engineering inspection (DEI) 
accomplished. 
begin in  Phase  C .  

Development and qualification testing will a l so  

Maximum use w i l l  be made of existing Apollo hardware and 
technology . 

A standard basic  s t ructure  will be used for both the rack and 
pallet .  
Block I1 Study.) 

(The pallet design was  performed under a separate  Apollo 

N o  additional spacecraft  w i l l  be required for s t ruc tura l ,  t he rma l  
vacuum, o r  house spacecraft  tes t ing;  Block I1 t es t  spacecraf t  wi l l  
be refurbished and /o r  modified for th i s  purpose.  

Modifications on Block I1 spacccref t  for  the f i r s t  five AES missions 
will be performed by S&ID personnel  at KSC faci l i t ies .  

Block I1 service modules will  have been designed, fabricated,  and 
qualified Iri a c c o l - d a ~ c z  t.,.itE, C C  A 3 17 fo r  the accommodation of a 
pallet  in  SM Section I. 

A l l  AES miss ions  will be per formed within the 4~0110 Block I1 
design and performance envelope (vibration, shock, e tc .  ) 

Development planning wi l l  be based on producing 2 3  Block 114 
spacecraf t  ( to include A E S  lunar  a s  well  as  Earth-orbi ta l  mi qsions),  
37  r a c k s  ( four  t e s t  a r t ic les ,  28 flight a r t ic les ,  and 5 s p a r e s  with- 
out subsys tems) ,  and 32  experiments  pallets (4 t e s t  a r t ic les  and 
2 8  flight a r t i c l e s ) ,  
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9. A l l  AES hardware will be air transportable by B-377PG a i rc raf t .  

These additional assumptions and ground ru les  made i t  possible for the 
various functional e lements  to  initiate development planning on a concurrent 
bas i s  with the technical requirements  studies. 

Continuous coordination and interchange of information were  effected 
Maximum use a s  resu l t s  f rom the engineering analyses became available. 

was made of data available f rom the Apollo program and from applicable 
resu l t s  of previous Extended Apollo Systems Utilization Studies. As the 
functional a r e a  requirements  i n  mater ia l s ,  equipment, manpower, and 
facil i t ies were  defined, they were  integrated into prel iminary total  program 
requirements  and schedules. 

of prel iminary planning on both a functional and integrated bas is ,  but major  
schedule perturbations diminished in each successive i teration until i t  became 
possible to  integrate the various functional requirements  and activities into 
a total  program that would meet AES objectives. 

Incremental inputs of de sign information, 
interface requirements ,  and schedule conflicts required continual refinement 

Alternate analyses were  performed and a schedule was prepared,  to 
show a total  program based on the same production ra te  (eight pe r  year )  with 
an ea r l i e r  conversion to the Block IIA CSM configuration (on SC 108 rather  
than on SC 113). 

At NASA request,  an additional, rough-order -of-magnitude study was 
performed to ascer ta in  program feasibility and nonrecurring costs  of an 
accelerated CSM-SLA schedule of 14 deliveries per  year .  Schedule and 
costing for  the accelerated schedule a re  presented in Volume 5. 
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ENGINEERING DESIGN AND DEVELOPMENT 

CONFIGURATION ANALYSIS REQUIREMENTS 

'The Engineering investigations performed during this  stc1d-y .-. were con- 
cernpd with developing design charac te r i s t ics  of spacecraf t  configurations to 
support  the 15 AES missions and experiment groupings defined by NASA at 
the hckirining of the study. Configuration 1 vehicles will be used on the f i r s t ,  
th i rd ,  fourth, and fifth launches, which a re  14-day missions;  Configuration 
D '  on the  second launch, which i s  a 30-day mission;  and Configuration C and 
I3 w e r e  both studied for use on the sixth through fifteenth missions.  
detyelopment planning purposes,  however, only Configurations 1, r), and D '  
were  considered, in  that development planning €or Configuration C was 
essent ia l ly  that provided for the previous E-xtended Apollo Systems lJtiIi7,ation 
Study. 

F o r  
0 

Analysis indicated that development planning fac tors  could be more  
c l ea r ly  defined by segmenting the development planning effort  into four 
separate  packages in  consonance with the four ma jo r  elements studied for 
the AES Earth-orbi ta l  p rogram - Block I1 (modified),  Block IIA,  Pa l le t ,  and 
R a c  k. 

Engineering design and degelopment requirements  were  established 
based on the designs identified for each of these packages and then applied to 
develop the engineering plans and schedules shown i n  Volume 5 .  

DKSIGN AND DEVELOPMENT PLANNING FACTORS 

An analysis of the technical requirements  f o r  the AES program w a s  
performed and schedules prepared t o  show the design and development mi le -  
stories required to accomplish the program.  
were  P I  epzi-zd to ref lect  sys tems engineering requirements  and program 
pha sivg terminology of NASA policy document "Phased Project  Planning" 
(d ra f t ) ,  
N L Y A  .Apollo Configuration Management Pocument ,  NPC -500-1. 

These  schedules and milestones 

1 1  February  1965, and a re  consjstent with concepts outlined in  the 

8 

Information pre  sentetl on the schedules was derived f rom the planning 
of a technically sound and logical y sequenced design and development p r o -  
g r a m  to meet  program objectives within available t ime and resources  with 
a high confidence level,  
ciir ren t  bas i s  with other development planning functions, and a r e  coordinated 
and interfaced with other related functional schedules presented l a t e r  in  this  
s e ction ~ 

Schedules were  developed on an integrated,  con- 
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In the preparat ion of schedules,  i t  was assumed that the definition 
phase (Phase  B and C )  would provide the necessary  sys t ems  engineering 
documentation, pre l iminary  design/prel iminary detai l  design (CEI) specifi-  
cations and full-scale mockups. Ea r ly  availability of documents and mock- 
ups i s  essent ia l  for  an efficient transit ion to be made f rom prel iminary 
d e s i g n  to detailed design, fabrication, test ,  and operations.  

Engineering Phasing Schedule - 

‘The schedule i n  Figure 2 ,  Volume 5 ,  s h o w s  (1)  major  milestones,  ( 2 )  
sy s t ems  engineering, and ( 3 )  engineering design and development. Major 
rriilestones reflect  the phasing of major  prograni segments  and identify 
ta rge t  dates  for  ma jo r  p rogram events.  
Phase  B and Phase  C e f fo r t  leads direct ly  into the Phase D effort ,  which 
encompasses  a two-year detai l  design and development program for t h P  
Block TI modifications and Block I I A  Spacecraft following the Block TI 
p r o g r am . 

The assumed nine-month c o x n b i r ~ ~ d  0 

Schedule compression is  necessary  due to the April  1968 ta rge t  date 
for  launching the f i r s t  14-day AES mission,  based on the assumed 1 May 
1966 date for  Phase  D go-ahead, 
the qualification of new and existing s t ruc tures ,  ma te r i a l s ,  and subsystems 
to  per form reliably for  miss ions  beyond 14 days.  Accordingly, development/ 
qualification testing activit ies a r e  initiated in the Phase  C p rogram,  before 
Phase  D go-ahead. 

The most c r i t i ca l  aspect  of the program i s  

Configuration management milestones have been included with major  
milestones and indicate the ta rge t  dates  for  establishing the program require  ~ 

ments  baseline,  the design requirements  baseline,  and the product baseline. 
Use of the baseline management concept provides an o rde r ly  t ransi t ion from 
one portion to  the next. 

The sys t ems  engineering milestones reflect  heavy emphasis  on prep-  
arat ion of definition-type documentation during the Phase  B and C effort .  
Subst:quei~ily, diiriiig P h a s e  2, t h e s e  dc!cl-lrr!ents wi l l  he refined, updated, 
and expanded to include r e su l t s  of detailed engineering investigations and 
designs.  
a t  any point i n  t ime ,  with the sys t ems  engineering documentation serving 
a s  the baseline of accountability for every contract  end i tem and every  
element  of the program.  

* 
In  this manner ,  the total  AES program requirements  a r e  in focus 

Reviews a r e  scheduled e a r l i e r  than than o thers  to allow sufficient 
t ime f o r  meeting the constraining pallet, rack,  and modified Block 11 100- 
percent  drawing r e l e a s e  ta rge t  dates .  
coincident with configuration selection, allowing a l imited but sufficient t ime 
for  mockup fabricat ion before  the mockup design engineering inspection. 

Mockup drawings will  be re leased  
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Detail designs and Part I of contract end i tem (CEI) specifications will be 
required in  Phase  C for Block I1 CSM modifications, pallet, and rack  to 
provide a firm base fo r  initiating procurement. 
fo r  Block IIA, only prel iminary design drawings and prel iminary contract 
end i tem specifications ( P a r t  I) will be required in Phase  C.  

Since m o r e  t ime is available 

SUBSYSTEM DEVELOPMENT AND DELIVERY 

Subsystem development and delivery requirements  for the AES program 
The g ross  development milestones for the a r e  shown in  Figure 3 ,  Volume 5. 

subsystems of each of the four major hardware elements underline the 
importance of t imely availability of these subsystems for development and 
qualification testing. 
B and C will fur ther  refine and identify unique and specific requirements  that 
may  modify these milestones.  
it is apparent that development and qualification of extended operating and 
new hardware for the mission durations and environments required by the 
AES missions i s  the pacing activity of the entire program.  

It i s  anticipated that more  detailed analysis in Phases  

As a resul t  of the analysis to date ,  however, 
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TEST REQUIREMENTS AND TEST PLANS 

T e s t  requirements  and plans were  developed in an analytical, evolu- 
t ionary process  that began with the performance requirements imposed on 
mater ia l s ,  s t ruc tures ,  and subsystems by AES mission profiles. In view 
of the study objective to make maximum use  of existing hardware,  much of 
the qualification testing will be on present Apollo mater ia l s ,  s t ruc tures ,  and 
subsystems to establish their  ability to operate for the longer AES mission 
durations.  New hardware i tems ,  like rack,  pallet, and the SM Sector I 
jettisonable cover,  will require the ent i re  gamut of development and qualifi- 
cation testing. Four racks ,  pallets, and new SM Sector I covers have been 
scheduled for  s ta t ic ,  dynamic, thermal-vacuum, and house spacecraft  testing. 
Block I1 t e s t  CSM's will be modified as  required to support AES testing. 

0 

To support Configurations 1,  D' and D (14-day, 30-day, and 45-day 
missions,  respectively) the development/ qualification tes t  requirements  for  
the rack, pallet, modified Apollo Block 11, and Apollo Block IIA were  investi-  
gated. 
which testing should be conducted - i .  e . ,  component, subsystem, or  integrated 
sys tem - to provide maximum assurance of meeting mission objectives 
consistent with schedule constraints.  The level  and type of development/ 
qualification tes t  requirements  established for  each major  hardware i t em 
a r e  summarized i n  Table 2 in Volume 5, A m o r e  comprehensive presenta-  
tion of development/qualification tes t  requirements  and objectives is  a l so  
shown in Volume 5. 

Tradeoff studies were made to establish c r i t e r i a  for the level(s)  a t  
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MANUFACTURING PLANS 

Detailed manufacturing analyses and tradeoff studies were performed 
in  an effort to provide the best approach for implementing the AES program 
on a noninterference basis  with Apollo Block 11 manufacturing. The resu l t s  
of these analyses and tradeoffs,  and a plan for  implementing AES manufac- 
turing requirements ,  a r e  f u l l y  described in  Volume 5 of the AES study 
repor t ,  and summarized in these pages. 

The manufacturing plan is divided into four par t s ,  conforming to the 
four basic hardware configurations considered i n  the AES study: 
CSM (modified); Block IIA CSM; experiment pallet; and experiment/  

major  i tems have been determined, delta tooling and special  measuring 
devices (SMD) requirements  have been identified, and schedules have been 
prepared indicating the phasing of the new manufacturing requirements 
generated by the AES .program. 

Block II 0 
- . - L - - - - t - - -  - - - l -  V-L..:--&:-- - - A  - ^ ^ - - _  L l - -  ^-I--^--I- r - -  ---L - r  &I---- r 
~ U U J ~ J L C I L ~ ~ J  i a ~ n .  I a u I I L a ~ A u i i  aiiu a a a c l i l u i y  a~yuc; i i c . ca  I U I  c;;ac.ii V L  ~ i i c a c  LUUL 

BLOCK 11 CSM MODIFIED 

Block I1 spacecraf t  to be used on AES missions (spacecraf ts  103, 105, 

To convert these spacecraft  to AES mission configurations requires  
107, 109, and 110) will have been delivered to  KSC in the Block II configura- 
tion. 
the installation of modification kits in  the command module, the addition of 
an experiments pallet in  Sector I of the serv ice  module, installation of a 
jettisonable SM Sector I cover,  and installation of an experiments/  
subsystems rack  in  the spacecraft  LEM adapter (SLA). 

The Block I1 C M  modification kit will include wire  harnesses  and cables,  
junction boxes, air recirculating ducts and fan,  an 02 line ( for  the 30-day 
mission only), an additional ECS compressor ,  and other pertinent plumbing 
occasioned by the rack/CM interface.  Modification of the SM at KSC will  
consist  only of removing the Biock ii cover panei, instaiiing the paiiet, and 
installing the jettisonable cover panel. 

BLOCK IIA 

0 w 

An in-line change f rom Block I1 to Block IIA i s  pr imar i ly  concerned 
with the service module s t ructure .  
ments  a r e  generated by this change. 

Additional fabrication and tooling require-  

Basically,  the Block IIA configuration var ies  l i t t le f rom Block 11, with 
approximately 51 pounds of added s c a r  weight and other changes that permit  
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installation of various types of subsystems thereby, providing the flexibility 
for  performing ei ther  Ea r th  o r  lunar AES missions.  

Command module modifications consist essentially of adding two 
sensor  windows and making changes to the inside secondary s t ruc ture  and 
subsystems. 
but some new tooling must  be fabricated. 

Existing tooling will be modified for most  of the requirements ,  

Modifications will  also be required on SMD and GSE used with both 
CM and SM; however, there  i s  no significant change in  checkout philosophy 
o r  use of facilities for  the Block IIA CSM. 

EXPERIMENTS PALLET 

The pallet i s  a modular,  wedge-shaped s t ructure  that will completely 
occupy SM Sector I when installed. 
riveted skin-s t r inger  panels, bonded bulkheads , bonded coldplate -type equip- 
ment shelves,  and tubular coolant manifolds running through the longerons. 
The pallet is  a new element and will require completely new design, tooling, 
SMD, and GSE. 
separate  f rom the present  Apollo service module and command module 
assembly lines. 
cooling require  the la tes t  manufacturing techniques , they a r e  s imi la r  to 
those that have been successfully performed in  the current  Apollo manufac- 
turing program. 

It employs riveted box-beam longerons, 

It will require  fabrication and assembly on a production line 

Although its basic skin-stringer s t ructure  and water/gylycol 

EXPERIMENTS/ SUBSYSTEMS RACK 

The experiments/subsystems rack i s  a l so  a new design. It consists of 

Rack construc- 
a cylindrical a i r lock compartment centered in a s t ructure  in the shape of a 
truncated cone tapered to  the internal mold l ines of the SLA. 
tion includes honeycomb sandwich-construction upper and lower bonded 
bulkheads; f lat  plate radial  beams; removable skin panels of skin-stringer 
construction; experiments shelves of bonded honeycomb sandwich construction, 
some containing coolant radiators ;  and base s t ructure  with attach members  
to  t ie  intc ?-e LEl\/r att,r,h nnintc  ifi t h e  SL,A-. 

!Y------ 

All of the manufacturing techniques required in rack fabrication a r e  
considered standard,  having been used previously in  S&ID manufacturing. 
Tape-controlled machining and advanced explosive forming techniques will 
be required in fabrication of the airlock. 
welding will  be required,  but will not extend beyond present  experience in  
performing difficult welding requirements on Apollo and, in par t icular ,  
Saturn S-11. Being completely new and a large-s ize  hardware i tem the 
r ack  must  be assembled on a new and independent assembly line. 

The la tes t  techniques in  intr icate  
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SCHEDULES 

First a r t ic le  manufacturing t ime spans and production schedules were  
developed for  each major  hardware i tem,  and a r e  presented in  Volume 5. 
They represent  the resu l t  of detailed analysis of manufacturing techniques 
and flow t imes ,  manpower requirements,  and the lead t imes  required for  
engineering re leases ,  initiation of procurement ,  and fabrication o r  modifi-  
cation of tooling. 
facture of s imi la r  ar t ic les .  
manufacturing is  presented in Figure 11 of Volume 5. 

They a r e  based largely on Apollo experience in  the rnanu- 
A mas te r  schedule for AES program 
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PRELAUNCH CHECKOUT OPERATIONS 

Delta prelaunch checkout operations generated by the AES program 
have been prepared with the Apollo Block I1 program operations a s  baseline. 
Operations include Downey checkout, checkout of the spacecraf t  at the KSC 
facil i t ies,  and pad operations. 

Mission Configurations 1 , D',  and D require  modifications to the space - 
craf t ,  but will have l i t t le effect  on spacecraf t  checkout at  e i ther  Downey o r  
KSC. Checkout of rack and pallet systems and the i r  integration with space-  
c raf t  sys tems,  however, will add extra  functions to the spacecraf t  checkout 
operations both at Downey and KSC. 

0 

F o r  Downey operations,  the additional functions required are:  rack 
and pallet p re s  sure  check, noncritical experiment installation, weight and 
balance calibration, installation of the pallet in the SM, qualification verifi-  
cation vibration t e s t ,  design engineering inspection, configuration updating, 
and cleaning. The functions to be performed concurrently with CSM checkout 
functions a r e  individual and combined systems checkout, installation of c r i t i -  
cal  o r  classified experiments ,  integrated system checkout, and removal of 
c r i t i ca l  o r  classified experiments.  Despite these additional functions, the 
t ime in checkout operations at Downey will remain essentially unchanged from 
the Apollo Block I1 program. 
t imes  a r e  shown in Volume 5, Development Planning, N o  additional accept- 
ance checkout equipment (ACE) o r  floor space in  Building 290 at Downey will 
be required to accommodate these additional checkout requirements.  

Details of the operation flow sequence and 

KSC operations will  include modification of Block 11 spacecraft  for 
Aside from the modification t ime,  the t imes for  Configuration 1 and D ' .  

AES checkout operations at KSC, including the additional functions of checkout 
and integration of rack and pallet systems,  will remain essentially the same 
a.5 for the Apollo Block 11 program. F o r  the rack,  the additional functions 
a re :  receiving and inspection, fit-check with the CM, fit-check with the SLA,  
cryogenic system checkout, fit-check of c r i t i ca l  experiments ,  installation of 
noncrit ical  experiments ,  weight and balance calibration, ECS tes t ,  and 
system checkout in the altitude chamber. Fo r  the pallet, the additional 
functions a re :  receiving and inspection, fit-check with the SM, fit-check o r  
installation of experiments ,  and installation of the pallet in  the SM. 
functions to be performed concurrently with CSM checkout functions a r e  
e lec t r ica l  mating of CSM, S L A Y  and rack, integrated systems checkout, and 
polarity check. 
installation of the rack in the S L A ,  and in the pallet  p r ior  to CSM mating with 

e 
The 

Cr i t ica l  experiments will be installed in the rack pr ior  to 
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the SLA. 
c r i t i ca l  experiments ,  if required,  until the CSM mates  with the Saturn IB on 
Pad  3 4  o r  37, o r  with the Saturn V in  the VAB. 

Alternate provisions have been made to defer the installation of 

The present  facilities at KSC provided for the Apollo Block I1 program 

Fur ther  details  
will be sufficient to support the AES program, with possible additional 
requi rements  in  experiment preparation and storage a reas .  
on facil i t ies requirements  a r e  presented in the Fa'cilities section 
volume and in  volume 5. 

of this 
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GROUND SUPPORT EQUIPMENT AND TRANSPORTATION 

The ground support equipment required for the various configurations 

Certain modifications a r e  required to extend the capability of 
descr ibed in  this  report  i s  drawn largely from the inventory of existing 
Apollo GSE. 
existing equipment, and some new equipment i s  required to support AES- 
peculiar configurations. 
AES and Apollo configurations minimizes the amount of new and modified 
e qui pm en t . 

The s imilar i ty  of modules and subsystems in the 

In the following paragraphs,  new or  modified GSE requirements  for 

The minor i.rr?-,act uI' the AES program on 

0 
each of the four major  hardware configurations (Block I1 modified, Blnck I I A ,  
pallet ,  and rack)  a r e  identified. 
the present  Apollo trznsportation plan i s  presented in the closing paragraphs 
sl this section. 
required to support the AES program is presented in  Volume 5 .  

A more  detailed discussion of GSE and transportation 

BLOCK I1 MODIFIED 

There  a r e  no requirements for GSE peculiar to the Block I1 modification. 
Existing o r  planned GSE for Block LI will support the modification kits for the 
CSM and the modified CSM. 

BLOCK I I A  

Support equipment for Block IIA consists of existing Block 11 GSE, 
except fo r  the following modifications and additions to auxiliary and handling 
equipment: 

Cap and Plug Set (A14-026) - W i l l  require  new or differently sized 
mechanical, hydraulic, and electr ical  opening covers .  

Fuel  Cell  Heater Power S ~ ~ p l y  (Aid-952) - Heater panels added to 
accommodate the new fuel cells. 

Fuel  Cel l  Radiator Substitute Unit (A14-059) - Additional radiators  
required to accommodate the new fuel cel ls .  

Service Module Equipment Dolly (H14-121 
the t ie -down straps.  

Space c r aft Int e g r at  ed S y s t e m s W o r k s t and 
new access  requirements.  

- Requires replacement of 

H14-124) - Alterations for 
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Umbilical Disconnect - New umbilical disconnect required between 
the rack  and GSE. 

Equipment Installation Fixture - Required for installation and removal  
of the different-sized LO2 and LHZ tanks (a l so  for  fuel cells  in  the 
rack).  

Cryogenic Tank Protective Covers - F o r  the different-sized LO2 and 
LH2 tanks. 

PALLET 

The only new i t ems  of equipment required to support the pallet a r e  0 handling-type equipment for the removal and installation of the pallet f rom and 
into the SM, and f rom and into i t s  shipping container. 
existing Apollo checkout equipment can be modified to satisfy the pallet sub- 
system requirements .  
following: 

Certain i tems  of 

New and modified GSE requirements  include the 

Pal le t  Installation Fixture - F o r  installing the pallet in  the SM. 

Pal le t  Storage Base - F o r  pallets with subsystem components and 
e xpe riment a1 equipment installed. 

Pal le t  Sling Assembly - F o r  pickup from shipping container. 

Antenna Checkout Group (C 14-032) - Modification required for checkout 
of the omnidirectional antenna. 

Environmental Control System Major Subassembly Bench Maintenance 
T e s t  Stand (C14-121) - Modification required to tes t  augmented com-  
ponents of the Environmental Control Unit. 

RACK 

New auxiliary and handling equipment i s  reqiiired heczuse t h e  !ST-- ?s= 
s ize  of the rack makes modification of existing equipment infeasible. 
ing Apollo checkout equipment can be modified o r  augmented to  serve  the 
new requirements ,  with the exception of one cable set. 
GSE requirements  include the following: 

Exis t -  
* 

New and modified 

Upper and Lower Handling Rings - F o r  lifting and manipulation of the 
rack ,  and to protect the rack i n  stacked s torage.  

Cleaning Posit ioner - F o r  rotating the rack  around two of i t s  axes,  for 
proper  cleaning af ter  fabrication. 
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Rack Support Base - For  convenient access  to the lower hatch when 
equipment i s  being installed o r  checked out. 

Rack Access Ladder - For  entry to the lower hatch when the rack  is 
mounted on its support base.  

Rack Sling - F o r  lifting the rack. 

Rack Rollover Adapter - F o r  installation in  the cleaning positioner o r  
t ranspor t  dolly. 

Rack Transpor t  Fixture - For supporting the rack in the B377PG a i r -  
craft; also to support the rack during high-pressure leak tes t s  in 
Building 260 at Downey. 

Cap and Plug Set - F o r  closure against dust ,  moisture ,  insec ts ,  etc. 

Rack Substitute Unit - F o r  simulating the rack/CSM interface when i t  
i s  not feasible to employ the rack.  

Work Stand - F o r  working at the various levels of the rack when i t  i s  
on the support base.  

ACE - SC C a r r y - o n  Cable Set - Additional wiring required.  

ACE - SC C a r r y - o n  Junction Box (C14-202) - Modification required.  

Umbilical Cable Set - For  connecting the rack and CM subsystems 
during integrated tes t  operations. 

TRAXSPORTATION 

Pre l iminary  analysis of AES transportation factors indicates that 
l i t t le change i s  required to the existing Apollo transportation plan. 
mand modules and service modules will be a i r  shipped by B-377PG a i rc raf t ,  
a s  a t  present .  Air shipment of the rack,  pallet, and their  supporting equip- 
ment  f rom the S&ID Downey manufacturing facility to Cape Kennedy also i s  
considered the best  method of transport .  

Com-  

The rack i s  the only AES hardware item that could possibly pose 
transportation problem, because of i t s  size.  Minor modifications to i ts  
prel iminary design, however, will permit  it to  fit into the B-377PG with 
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tight c learance  but with no sacr i f ice  in rack  payload volume. 
and supporting equipment may accompany the r ack  aboard the same  a i r c ra f t ,  

AES pallets 

In the event a i r l i f t  is not available, or  i f  changes to the p re sen t  r ack  
configuration preclude air t r anspor t ,  water  t ranspor t  may be designated a s  
an al ternate  mode. 

- 1 4 0  - - 
SID 4 5 - 5 0 0 - 1  



FA C I LI T IE S 

The AES facil i t ies study was performed to determine the additions and/ 
o r  modifications necessary  to implement the AES program. It was assumed 
that all facility modifications necessary  to mee t  the Apollo Block I1 will have 
been implemented by the inception of the AES program. F o r  purposes of this  
study, utilization of facil i t ies i n  support of the AES program a re  identified as 
follows : 

Pallet 

Development Downey 

Fabricat ion and Assembly Tu1 s a 
(Structures)  

Systems Installation and Downey 
Checkout 

Modification _ - -  

Nonc r i t ic a1 Expe rim ent Downey 
Installation KSC 

Cr i t i c  a1 E xpe r im ent KSC 
Installation 

~ 

BLOCK I1 MODIFICATION 

Rack 

Downey 

Tulsa  

Downey 

- _ _  

Downey 
KSC 

KSC 

Block I1 

Downey 

SM- Tulsa  
CM- Downey 

SLA-Tulsa 

Downey 

KSC 

- - _  

Block IIA 

Downey 

SM-Tulsa 
CM- 

Downey 

Tu1 s a 
SLA- 

Downey 

- - -  

1. Additional special  t e s t  equipment to be procured and installed in 
the S&ID Engineering Development Laboratory in  Downey. This 
equipment is required to augment existing equipment f o r  breadboard 
testing, calibration, measurement ,  and evaluation of Block I1 
mater ia l s  and subsystems for  the i r  ability to complete a 30-day 
mission (Fl ight  2 1  1 ) .  
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2 .  Additional f loor  a r e a  in o r  adjacent to the Operations and Checkout 
Building at  KSC to support modification activit ies and experiment  
preparation without interference to Apol lo  lunar  landing program 
activit ies.  

BLOCK IIA 

Facil i ty changes necessary to support this phase of the AES program 
consist  mainly of minor  rearrangements  to accommodate tool modifications 
and provisions for storage of new apply j igs.  
equipment identified for  Block I1 modification will continue to be used in 
testing Block IIA subsystems for their  ability to sustain 45-day missions.  

The additional special  tes t  

0 PALLET 

Striictural fabrication and assembly of the pallet w i l l  be performed a t  
the Tulsa  facility. 
be provided, prepared ,  and equipped. 

An additional 1 0 ,  000  square feet of factory a r e a  must  

Installation of subsystems and experiments and checkout of the com- 
pleted pallet will be performed in Building 290 at S&ID Downey. 
handling devices a r e  required to support the pallet during installation and 
checkout. 

Additional 

RACK 

Structural  fabrication and assembly of the rack w i l l  be performed at  the 
An additional 3 0 ,  0 0 0  square feet of factory a r e a  mus t  be made  Tulsa facility. 

available,  prepared,  and equipped. Other requirements include mater ia l  
handling equipment, machine tools,  and sheet-metal  fabrication tools.  

Installation of equipment shelves,  subsystems, and experiments,  and 
checkout of the r ack  with its respective CSM, will be performed in Building 
290 at  S&ID Downey. A rearrangement  is  necessary  to accommodate the rack  
systems installation stand, the rack checkout stand, and the qualification * verification vibraiivri t es t  s taud .  

P r e s s u r e  testing of the rack’s  cryogenic tanks and plumbing system will 
be performed in Building 260 a t  S&ID Downey. 
t ranspor t  dolly (GSE) wi l l  permit testing of the rack in the kxisting SM pressure  
cell.  Systems integration and checkout wi l l  be performed in Building 290,  
S&ID Downey. 
the r ack  checkout and installation stands, provisions must  be made for  the 
installation of a rack cleaning positioner in the south end of the high-bay a r e a  
and the installation of a cover over the pit to be used for the weight and 
balance station. 

Use of a device s imi l a r  to the 

In addition to the rearrangement  necessary  to accommodate 
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No increase  in the number of CSM checkout stations and ACE systems 
will be required by the introduction of the pallet and rack into the Building 
290 ope rations.  

ALTERNATE SCHEDULE NO. 2 FACILITY REQUIREMENTS 

The delivery rate (14 spacecraft per  year )  required on Alternate 
Schedule No. 2 exceeds available capacity in most  a r e a s  of spacecraf t  a s s e m -  
bly and checkout. 
fabrication and assembly a r e a s .  
tate layout changes and additional support equipment. 

Additional tooling requirements  a r e  anticipated in mos t  
Accommodation of these tools wi l l  necessi-  

P r i m e  impact wi l l  be in  the following a r e a s :  

1. Bonding (Building 287 Downey) - Additional a r e a  and autoclave 
capacity. 

2. P r e s s u r e  Tes t  Cell (Building 1 Downey) - Expansion to meet  
schedule for  p re s su re  testing of subsystems and command 
modules. 

3 .  Systems Integration and Checkout (Building 290 Downey) - 
Expansion of building to house two additional ACE sys tems,  one 
additional sys  tem s in stallation station, two additional individual 
and combined checkout stations,  and two additional integrated 
checkout stations. Expansion must  include service equipment 
rooms for  installation of GSE. 
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LOGISTICS 

The logistics portion of the AES study was concerned with identifying 
the logistic support requirements for the CSM- pallet- rack configurations and 
their  impact on the existing Apollo logistics program,  to include field modifi- 
cations,  maintenance, s p a r e s ,  training, technical ass i s tance ,  and technical 
do c um e nt at i on. 

BLOCK I1 MODIFICATION 

Five Block I1 CSM's wi l l  require modification in o rde r  for them to pe r -  
0 

form the prescr ibed AES missions.  These spacecraf t  (103, 105, 107 ,  109 ,  

service module. 
I I O )  w i l l  r c q u i L e  r e w u r k  di KSC 0 1 1  buih  iiie cummand module and. the 

The ma jo r  changes in the CM a r e  generated by the require-  
ment to be able to mate  with an external appendage (e.  g. ,  rack).  
the environmental control sys tem,  electr ical  power sys tem,  communication 
and data ,  and crew systems.  

They concern 

On flights requiring installation of an experiments pallet o r  mapping 
and survey package, the service module also will require  replacement of i ts  
Sector I cover panel with a jettisonable panel. The SM modification effort at  
KSC will be reduced by the application of CCA 317, which provides for the 
changes to permit  the Block I1 SM to accommodate a mapping and survey kit 
o r  experiments pallet in Sector I. 

NAA will be responsible for  the modification program at KSC. A modi- 
fication team of supervisory,  inspection, and maintenance personnel w i l l  be 
assigned to the modification program for the 17-month period during which 
the five spacecraft  a r e  to be modified. 
readied f o r  Configuration 1 AES missions i s  three months,  whereas five 

The t ime scheduled for the CSM to be 

months have been allocated for  the m o r e  extensive D '  configuratioii 
modification. 

The modification program will utilize existing KSC facil i t ies and GSE. 
Assuming a go-ahead date of May 1966, the modification program will run for 
approximately 31 months,  until February 1969. Specific design and support 
requirements for  the modification program wi l l  be determined during the f i r s t  
14 months. 
support of the modification ki ts ,  requirements ,  and team by Downey personnel, 
and the actual modification program a t  KSC. 

The following 17 months' activity will include the monitoring and 
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BLOCK IIA 

Minimal impact on logistic support is  anticipated f rom the change to 
Block IIA. 
The GSE rework will be performed, utilizing GSE modification k i t s ,  at KSC 
by the NAA modification team.  

Some Block I1 GSE will require modification t o  support Block IIA. 

PALLET AND RACK 

The usual logis t ics  planning for support of new hardware will be 
required.  In addition, new o r  modified i tems of GSE to support  the pallet 
and r ack  a r e  required.  Necessary rework of modifiable GSE will be p e r -  
formed by the logis t ics  modification team at KSC.  

EXPERIMENTS 

Aithough the experiments contractor is  responsible for  checkout and 
necessa ry  support of experiments ,  NAA will be responsible fo r  maintaining 
the environment required by experiments af ter  they have been installed in the 
rack  o r  pallet ,  with conditioning equipment to be provided by NAA. 
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DEVELOPMENT PROGRAM 

Previous paragraphs of this section have presented the development 
planning fac tors ,  requirements ,  and plans for the major  functional a r e a s  of 
the AES program - - engineering design and development, tes t  requirerrlents 
and plans,  manufacturing, prelaunch operations,  GSE, t ransportat ion,  
faci l i t ies ,  and logistics.  
a l ternate  m a s t e r  schedules for the AES program,  either of which is  capable 
of achieving AES objectives within available resources  and t ime,  and with 
minimum impact on the current  Apollo lunar landing program. The f i r s t  o r  
basic m a s t e r  schedule (Figure 31) i s  based on an eight-per-year  production 
r a t e ,  with a change point from Block I1 to Block IIA on SC 113. An al ternate  
schedule (Figure - 35 in Volume 5 )  i c .  z . 1 ~ ~  based c ) ~  ar, e i g h t - p c r - y c a r  l a t e ,  
but a s sumes  an ea r l i e r  change point on SC108. 

These plans were combined and integrated into two 

0 

Another alternate schedule (Figure 36 in Volume 5) i s  based on an 
accelerated,  14-per -year  production ra te ,  which i s  considered the maximum 
ra te  feasible without major  impact on facil i t ies,  tooling, GSE, etc.  The 
impact on fzcilities occasioned by the accelerated schedule i s  identified in 
the facil i t ies section of this volume. 

The f i r s t  step in the genesis of these m a s t e r  schedules was the prepara-  
tion of a g ross  preliminary schedule, combining spacecraft  and booster 
availability into SC/booster assignments that met  the AES study objective of 
launching AES missions a t  the ear l ies t  possible t ime,  consistent with other 
program objectives, and minimizing standby time for either boosters o r  
spacecraf t .  The assumptions,  factors ,  and rationale used in developing this 
prel iminary schedule a r e  outlined in Volume 5. 

This g ross  prel iminary schedule was released to all  functional groups 
to provide them with a baseline and point of departure  for  ear ly  problem 
identification and resolution. 
w ~ ~ t :  ~ 1 1 ~ 1 1  ideriiiiied, analyzed, and  integrated in each functional a r e a  and 
were  laid out in preliminary schedules. 
ment plans were  then integrated into revised total program schedules. 
process  was repeated a s  additional information became available until af ter  
severa l  i terations the functional a r ea  requirements  became m o r e  f i r m ,  
major  schedule perturbations were eliminated, and it became possible to 
integrate the scheduled functional activities into a total program major  
milestone schedule that would meet a l l  AES program objectives (Figure 32) .  

Development planning factors  and requirements 
__.^ - ^  L1. -. 

These prel iminary functional develop- 

0 
This 
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BASIC SCHEDULE 

The basic schedule (F igu re  31) assumes a production r a t e  of eight 
spacecraf t  p e r  year .  
the beginning of major  development activity. 
nine-month pre l iminary / f ina l  design phase. 

The assumed go-ahead date of 1 May 1966 would m a r k  
It would be preceded by a 

The m o s t  c r i t i ca l  aspec t  of the AES program in the bas i c  schedule (as 
well as the al ternate  schedules) is the development and qualification testing 
of new arid existing m a t e r i a l s ,  s t ruc tures ,  and subsystems fo r  the i r  abil i ty 
to per form for  extended durations in a space environment o r  100 percent  
oxygen environment.  
cr i t ical  activity,  qualification testing of pallet ,  r ack ,  and Block I1 niodifica- 

T o  provide a minimally acceptable per iod fo r  this 

tion kit  i s  scheduled to begin during the final design phase.  

Block IIA span- t imes  fo r  assembly.  sys tems installation. and final 
checkout a r e  the same  a s  on Block 11. 
subsequent experience in the Block I1 program will make i t  possible  to apply 
yet unidentified learning factors  that will reduce these t ime spans.  

However, i t  i s  anticipated that 

ALTERNATE SCHEDULE NO. 1 

The al ternate  schedule (F igu re  36 in  Volume 5) i s  also based on an  
e ight -per -year  production rate ,  but assumes  a n  e a r l i e r  change point - i .  e . ,  
on SC 1 0 8 .  This st i l l  leaves one Block I1 S C  requiring modification a t  K S C ,  
but any e a r l i e r  change point would be considered imprudent.  Times for 
design, development, production, and operations a r e  the s a m e  a s  on the 
basic AES schedule,  a s  well as on the Block I1 schedule. The assumed 
go-ahead date f o r  Phase D i s  also the same - -  1 May 1966.  The period 
available f o r  development and qualification testing of Block IIA extended life 
subsys tems,  however ( fo r  which there  was ample t ime allotted on the basic 
schedule),  i s  reduced by- approximately ten months, to a period consistent 
with the compressed  development/qualification periods a l r eady  allocated for  
pallet  and rack ,  under e i ther  schedule.  The impact  on facil i t ies is the same 
in e i ther  schedule;  minor  rearrangement  would have to be made in the 

and pallet  and additional GSE for  integrated checkout. 
- I r ls idi idi iut l  dnd Checkuu i  Guiiding (290)  a t  Eowney to accommodate the rack  

ANALYSIS AND CONCLUSION 

Both basic  and a l te rna te  schedules mee t  AES total p rogram objectives 
with minimum interference to the Apollo lunar  landing p rogram,  and present  
a feas ib le ,  logical ,  and sys temat ic  phasing and integration of in te r re la ted  
program activit ies that capitalize on Apollo planning experience a s  well a s  
the hardware  and technology proved in  the Apollo program. 
the development and qualification testing of new hardware is  the mos t  

In both schedules,  
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NiiHfH AMEFZiCAN A 

MI HOUSE SPACECRAFT NO. 3 

HOUSE SPACECKAFT FOR At5 MISSION SUPPORT 

n V l  T W M L  VACUUM TESTS (MOD F O R  AES HlSSlON 

a SClOl @*-2070RA-San ASSIGNED UOUO h+SION 

211 W M L ,  ACOUSTICS L POST UNDlNG TESTS 

251A SM FOR PROPULSION TESTS 

252 m r i c  STRKTWAL r E s n  

IC102 (A-5X) ASSIGNED APOLLO MISSION 

SC103 (A-ZWI SPACE OPNS TECHN ( I 4  D A V  

SClM (A-YXI ASSIGNED M O L L 0  MISSION 

IC105 ( A - Z l l l  BlOMED/BEH TECH (20 DAY) 

SCIM (A- im) ASSIGNED APOLLO MISSION 

SC107 (A-SOn REMOTE EARTH SENSING (14 D A V  

SCloB (A-KB) ASSIGNEDAPOLLO MISSION 

SClW (A-SOPI SPACE OPNS TECH 

SCIIO (A-115) REMOTE EARTH SENSING (14 DAV, 

SCl l l  (A-510) UNASSIGNLD LUNAR MlSSlON 

a IC112 v\-511l UMSSIGNED LUNAR MISSION 

SC1l.l (A-512) UNASSIGNED LUNAR MISSION 

IC114 (A-513) SPACE OPNS TECH 

@ SC115 (A-218) BIOSCltNCL/PHYSICAL LAB I 

IC116 (A-2IV) 0IOSClEKVPHYSICAL LAB I1 

SC117(A-514) UNASSIGNED LUNAR MISSION 

IC110 (A-515) UWSSIGNED LUNAR MISSION 

SCIIV (~ -221)  REMOTE m r n  SENSING 

IC120 (A-516) ASTRONOMY 

8 S C I ~ I  &-sin UNASSIGNED LUNAR MISSION 

69 sc122 w-siai REMOTE mRin SENSING 

IC123 (A-5IVl UNASSIGNED LUNAR MISSION 

S C I I  UNASSIGNED SPACICWFT 

IC125 (A-520) UNASSIGNED LUNAR MISSION 

SC126 (A-521) SPACE PHYSICS,SU1SYS DEV 

3 SC127(A-Sq UWSSIGNED LUNAR MISSION 

ICIZB (A-523) ASTRONOMY 

a S C I B  (A-???) ASTRONOMY LOG I 

6J IC130 (A-233) ASTRONOMY LOG I1 

8 IC131 (A-524) UNASSIGNED LUNAR MISSION 

@ IC132 (A-5251 UNASSIGNED LUNAR MISSION 

a SCl33 UNASSIGNED SPACECRAf7 

SC134 UNASSIGNED SPACECRAFT 

SC135 UNASSIGNED SPACKRAfT 

B 

NOTES 

I WSED O N  H D S  NO. 8. REV 3 
2 BLK IIA CHANGE POINT AFTER IC112 
J W D  1C IUJ, 107, Io) 6 110 1 0  

CONFIG I (3 MO MOD r i w  
4 MOD IC 105 To CONFIG D. 

(5 MO MOD TIME) 

LEGEND 

I. REF: AL65-1 M)OSTER SCHED 

0 0 

0 PALLET AVAIL. FOR C/O 

APOLLO AES h00STER BOoSTER AVAIL. AVAIL. 

1. V U C K  AVAIL. FOPG'O 

0K II a E-OAES 

LUNARALS 

F i g u r e  31 



i t  BLK II A t M T H  ORBITAL MISSIOC 

PVORlFORSC112 

sssssss  

AES Basic  Schedule (Eight -Per -Year  Rate) 

- 149,150 - 
SID 65-500-1 



NORTH AMER:: 

I 96S 1966 1967 I 9m 
J I F  IM I A! MI J I J1* 1 s  b IN1 D J I F  kc [ A  lMl J 1 J [ A  I S  lOlN I D J I F  I M l A  lM I J I J I A  I S  lOlN I D  J I F [M [A  lM 1J I J 1 A I  S 10 I NIO 

DESIGN A N D  DEVELOPMENT 

7 
100% STRUCTURE DRAWING RELEASE (RACK AND PALLET) ' 

I-',SYSTEM D m W i N G  RELEASE w c K  AN! PALLE~ 

WAS€ "D" GO-AHEAD 

100%)rK)OIFICATION K I I  M U W I N G  RELEAS: 

10096 GSE D l U W l N G  RELEASE OUCK. PALLET. A N D  MODIFICATION KIT 
I 

ENGINEERING 

MANUFACTURING 

SUBSYSTEM 

TESTS 

FACILITIES 

ETR OPERATIONS 

STRUCTULE DRAWING RELEASE (BLC 

10096 SYSTEM DRAWING RELEASE (I 

100% GSE DRAWING RELEASE (1118 

I I 7 
FIRST RACK A N D  PALLET IN PRODUCTION 

FIRST MODIFICATIO/4 K I T  IN PR0WCTI:N 

I 
I I r FIRST BLOCK I IA SC IN PRODUCTION I I 

BLOCK II SC ASSEIMLV 

START QWLIFICATION TESTING 

I N l l l A L  QUALIFIED SYSTEM 
DELIVERED AT DOWNEY 

1 I I 1 I 
A 

START RACK HOUSE SC TESTS 
I 

I 

I I 1 FOR RACK AND PALLET) 
I 

I 
BLDG 290 REARRANGEMENT COMPLFTE 

I 

FIRS1 BLOCK IA 
(AEI  MISSION) IC D 

G I t  DtLl' 

I 
I 
I 
I SPACE OP€RATION TEC 



UALlFlED SYSTEMS 
' A T  D O W N f Y  
t susrYrrEMs) 

E EARTH SENSING (I4 DAYS) 

BEHAVIOR TECHNIQUES (%I DAYS 

Figure  32. AES P r o g r a m  Major Milestones 

-L - 151,152 - (3 
SID 65-500-1 



'/ 

schedule-crit ical  activity, and has  been compressed into the minimum 
acceptable period consistent with the phasing of other program elements .  
The basic schedule i s  considered more  conservative, however, and is the 
one recommended for  use on the AES program. 

Acceleration of the production ra te  to 14 spacecraft  per  year  is  a l so  
feasible,  but with additional cost in facil i t ies,  tooling, and checkout 
equipment. 
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AES PROGRAM COST 

The major  cost elements considered in this study include engineering 
design and development, mate r ia ls ,  manufacturing, experiment installation, 
quality control, reliability, tes t  operations, facil i t ies,  tooling, GSE,  logistic 
support, and subcontracting . 

Abbreviated descriptions of tasks to be performed during Phase D (only), 
were  prepared during the AES study and used a s  an estimating base for 
establishing the factors  for  program costs that a r e  presented in accompanying 
pages. (Pre l iminary  design phase costs a r e  not included. ) 

These tasks also were  used in estimating the t imes  that appear in the 
program schedules in this section and elsewhere in this study. They were  
developed in accordance with the concepts outlined in NPC 500- 1 ,  Apollo 
Configuration Management, and include system engineering, design engi- 
neering, interface control,  program control,  reliability engineering, quality 
control,  tes t  engineering, tes t  operations, logis t ics ,  industrial  engineering, 
facil i t ies engineering, ma te r i a l ,  manufacturing, contract  administration, 
and program management. F o r  cost-estimating purposes ,  however, ac ross -  
the -board tasks  such a s  program management, configuration management,  
program control, etc.  , were  distributed proportionately a c r o s s  the program 
hardware line i tems.  

The costs  presented in  accompanying tables represent  delta costs ;  to 
obtain total costs fo r  accomplishing AES program miss ions ,  these costs  must  
be added to the basic Apollo Block I1 costs at the eight-per-year  production 
rate .  

As  in other aspects  of the AES study, maximum advantage w a s  taken in 
the cost  analysis of the AES program of the data and experience available in 
the Apollo program, a s  well a s  previous studies of follow-on programs to 
the Apoiio iunar  ianding program. Accordingly, these cost  es t imates  m a y  be 
evaluated with a considerably higher level of confidence than would be normal  
for  such a highly compressed study effort. 

Complete cost  breakdowns in the detailed, NASA-prescribed formats  
have been prepared and are presented in Volume 5. Summary  char t s  showing 
average delta cost per  launch ($2,816, 000) and delta facilities costs  
($470, 000 - separately identified, and not included in other  cost  analyses) a r e  
a l so  presented in Volume 5. 
the eight-per-year  Apollo Block I1 base a r e  presented in Table 27. 

Total program delta costs  ($359, 601 ,  000) over 
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CONCLUSIONS 

The experiments integration analyses and corol lary vehicle and sub- 
system design studies accomplished i n  this study have served to markedly 
inc rease  the general  understanding (confidence leve l )  in  the capability of 
pGstu1ated Apollo-extrapolated spacecraft  to fulfill AES miss ion  functions. 
As a r e su l t  of the study, a number of signficant conclusions can  be drawn; 
these a r e  br ief ly  stated in  the following paragraphs.  
note that some of the conclusions actually a r e  i n  opposition to p r io r  bel iefs ,  
par t icu lar ly  as regards  the suitability and operational effectiveness of 
ce r t a in  candidate-system modular e lements .  

It i s  interest ing to 

Due to the NASA-specified requirements that  a th ree-man crew be 
employed on all AES flights, and because of other defined configurational 
change constraints ,  experimental volume available within the command 
module i s  essent ia l ly  negligible. This fact  i s  i n  sharp contrast  to the two- 
m a n  Apollo X study resu l t s  derived previously. As a resu l t ,  the CSM alone 
possesses  essent ia l ly  no ability to fulfill AES experimental  functions-and 
some type of experimental  appendage i s  absolutely required.  

E a r l i e r  industry and government studies o r  orbi ta l  laborator ies  have 
generally tended toward providing the l a rges t  pressurized volumes possible. 
Studies conducted by S&LD (for  N A S A  LRC) as ea r ly  as 1961 on the. Self- 
Deploying Space Station indicated, for  example,  a n  orbl ta l  laboratory design 
with over 50, 000 cubic feet  of pressur ized  working and living space .  
recent  studies have tended toward reducing the volume; this t rend  i s  indicated 
in  the MORL studies by Douglas and i n  the i\pollo X laboratory module 
s tudies  current ly  being conducted by Boeing. In the la t ter  studies,  the 
pressur ized  volume has  been reduced to the o rde r  of 1 2 0 0  to 1500 cubic feet .  
P r i o r  to the IES study, orbital  laboratory volumetric requirements  have, 
for  the x o s t  par t ,  been only a rb i t r a r i l y  a s s u x e d .  
ments  integration analyses that hitve been completed as PLirt of this study 
have, however, yielded sharply contrasting resu l t s .  Al l  current ly  identified 
experimental  requirements-both NASA and Air Force-f i rmly and absolutely 
require  only a smal l  p ressur ized  section of approximately 200 cubic feet .  
A pressur ized  cell  o r  airloclc of this s ize  i s  sufficient to  accommodate two 
crewmen standing together with one functioning as a t e s t  iubject  ( fo r  
biomedical and behavioral experiments)  and the other a s  experimental  
observer .  
with all  other experimental control-and-display and work- space requirements  
attendant with AES Ltnd MOL activit ies.  Fur ther ,  the experimental  integra- 
tion analyses have shown that ra ther  l a rge  a r e a s  and volumes adjacent to the 

More 

The pre l i r , i na ry  experi-  

The s u n e  pressur ized  volume s e e m s  to be fully compatible 
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smal l  pressurized section a r e  required for installation of sensory equipment-. 
and other experimental  i t ems  that must be exposed to the space environment. 
Thus, i n  spite of ea r l i e r  beliefs that large pressurized volumes and s m a l l  
unpressurized volumes were most  desirable for  manned orbital  laborator ies ,  
the la tes t  and most  penetrating analyses have indicated the opposite situation 
to be t rue.  

On the bas i s  of such factors ,  the NASA experimental  rack concept 
studied by S&ID appears to be a n  effective and operationally flexible experi-  
mental  appendage. 
combination could fulfill a l l  of the 15 NASA-specified experimental  flights 
with but minor discrepancies.  
mental program pertain to slight changes in the frequency of performance 
of a few minor biomedical experiments.  
attributable to propellant capacity limitations of the CSM, rather  than to the 
rack i tself .  It must  again be emphasized that because of the extremely shor t  
study duration, S&ID had no opportunity to actually perform a rack design 
optimization. 
sidered only a s  being representative; the few simple guidelines f rom which 
the design resulted can, however, be logically supported. For  example, the 
height of the rack  i s  determined primarily f rom the height of an e rec t  
crewman, the base diameter is  established by the requirements to span the 
LEM attach points in  the adapter section, e tc .  

S &ID analyses have indicated that the rack/  CSM 

The only variations required in the experi-  

These deviations were,  i n  fact, 

The design which i s  presented i n  this study should be con- 

The experiments pallet previously defined under contract NAS9-3923 
was found to have relatively low utility o r  applicability to specified AES 
experimental  missions.  The pallet could not accommodate a significant 
portion of the experimental packages of in terest  and the use of a l a rge r  
experimental  appendage such as the rack was essential .  It i s  possible to 
use the pallet in  combination with the rack, but such an approach seems  most  
ineffective, since the la t ter  alone appears capable of fulfilling all needed 
experimental requirements .  It should be emphasized, however, that  the 
pallet concept i s  basically a sound one and such a device may in  fact  be  
meaningful for use in non-AES Apollo flights where the experimental  demands 
2-a r 0 1 3 t ; T r ~ l x r  c l i u h t  -- Y ---e-- -. U I Y  ./*-I*" 

The spacecraft  and subsystem variations identified a s  Configurations C 
and D were  fully and equivalently applied against the AES mission demands. 
Configuration C, which is  essentially the Apollo X approach(wherein sub- 
system life extension provisions a r e  included within the CSM itself) ,  
consistently appears  more  effective from an  operational standpoint. 
experimental functions can  be accommodated and/or  longer miss ion  durations 
achieved than a r e  possible with Configuration D. 
attributable to the Configuration D weight penalty (which ranges f rom 2000 to 
4000 pounds), wh1-h resul ts  f rom carrying fuel cells  and cryogenic tanks 

More 

This fact  i s  mainly 
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both in  the experimental  appendage and in  the service module, ra ther  than in  
the la t te r  alone. Additionally, the SPS tankage could be varied according to 
mission requirements in Configuration C,  whereas  i n  Configuration D, 
NASA-specified constraints of no o r  minimum changes to the CSM precluded 
such weight savings. In summary,  and of most  significance, i s  the fact that 
Configuration D i s  very likely not suitable for  the lunar missions aspects of 
the AES program. Since the power system and other subsystem life exten- 
sion provisions a r e  included i n  the experimental  appendage, the ent i re  
experiments module would have to be returned f rom lunar orbit  with the 
CSM to provide for the t ransear th  re turn phase (2 -1 /2  to 4 -1 /2  days);  this 
capability i s  not available within the Apollo service propulsion system 
capacity, nor can simple modifications be made to solve this problem. 
It st i l l  remains,  however, for  further development planning studies to deter - 
mine whether the Configuration D type of approach should be utilized a s  an  
inter im step, o r  whether i t  i s  more  meaningful to proceed directly with the 
development of the Configuration C type of spacecraft .  

- 

- 159 - fsMw#uW 
SID 65-500-1  


